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ABSTRACT 
 Prosody encodes meanings (Levis & Wichmann, 2015) and significantly 
influences L2 English speakers’ intelligibility and comprehensibility (Anderson-Hsieh, 
Johnson, & Koehler, 1992; Derwing, Munro, & Wiebe, 1998). However, L2 English 
speakers are deficient in using English prosody to realize pragmatic functions (Pickering, 
2001; Wennerstrom, 1998), hindering effective communication between L1 English 
speakers and L2 English speakers. Furthermore, due to the complex and dynamic nature 
of prosody, English prosody teaching is particularly challenging for teachers.  
Reed and Michaud (2015) argue that metalinguistic awareness is an essential 
factor in effective prosody teaching. However, research studies providing empirical 
support for their claim are lacking. Furthermore, in recent years, an increasing number of 
research studies discovered similarities between Mandarin and English prosodic features 
and functions (Chen & Gussenhoven, 2008; Ouyang & Kaiser, 2015), suggesting the 
possibility to use crosslinguistic transfer to facilitate the teaching of English prosody. 
However, research studies investigating the efficacy of crosslinguistic based prosody 
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pedagogy are also lacking.  
This study investigates the role of imitation, metalinguistic awareness, and L1 
prosody in English prosody teaching by examining the efficacy of three prosody teaching 
methods: imitation-based prosody teaching (IT), monolingual metalinguistic awareness- 
based prosody teaching (mono-MAT) and crosslinguistic metalinguistic awareness-based 
prosody teaching (cross-MAT). 48 participants were randomized into four groups and 
received different kinds of intervention: (1) IT, (2) mono-MAT, (3) cross-MAT and (4) 
interview (control group). Participants' use of English prosody was elicited in a pretest, 
an immediate posttest, and a two-week delayed posttest by means of a read-aloud task 
and a picture narrative task eliciting participants' spontaneous speech. 
Participants' use of sentence stress was rated by six native English speakers based 
on 9-point Likert scales. The stressed constituents in participants’ read-aloud speech were 
further analyzed regarding average pitch level, pitch range, duration, and intensity. Linear 
mixed-effects analysis was conducted to compare participants’ use of sentence stress 
across groups and tests. The results suggest that metalinguistic awareness plays a critical 
role in prosody learning. The results also suggest the advantage of crosslinguistic prosody 
teaching. 
This study expands the breadth of pronunciation teaching by exploring the 
prosodic similarities across languages. This study increases the depth of pronunciation 
teaching by encouraging a paradigm shift from imitating the prosodic patterns to 
understanding the connection between the linguistic patterns and the pragmatic functions 
of prosodic features.   
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CHAPTER ONE INTRODUCTION 
International students 
Based on the 2016/17 Open Doors data published by the Institute of International 
Education (2017a), the total number of international students reached a recorded high 
number of 1,078,822. International students constitute a significant proportion of higher 
education enrollment in many universities and colleges. The top twenty-five institutions 
hosting international students have, on average, 9,677 students per institute, and a high 
percentage of international students. For example, 32% of the students in New School 
and 22% of the students in Boston University are international students (U.S. News & 
World Report, 2017).  
The international students have both academic and economic value. Many higher 
education institutes firmly uphold the belief that diversity is an essential resource for 
optimizing education and that the discussion and debate between students with different 
ethnicities, cultural backgrounds, and language backgrounds will benefit all students. In 
addition to the immeasurable academic and cultural value, international students 
"contributed $36.9 billion and supported more than 450,000 jobs during the 2016-2017 
academic year" (NAFSA International Student Economic Value Tool, 2017). Because 
international students have such great value to the United States, it is critical to create an 
optimal learning environment for all international students and to facilitate the 
communication between international students and domestic students. 
However, creating such a diverse academic environment is not an easy task. In a 
study that investigates the stressors of Chinese international students, Yan and Berliner 
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(2013) indicate that the interactions between Chinese international students and domestic 
students are mostly “superficial” due to “the different cultural norms and Chinese 
students’ lack of language proficiency” (p. 73). Therefore, increasing international 
students’ language proficiency, particularly their communication ability, is essential to 
the success of both international students and domestic students. 
 
Pronunciation 
Pronunciation is a critical issue that hinders effective communication between 
international students and domestic students. Researchers found that even highly 
proficient L2 English speakers serving as international teaching assistants may have 
difficulty in producing speech that can be easily followed and understood by native 
speakers of English (Pickering, 2001; Wennerstrom, 2001).  
This deficiency in international students’ pronunciation may lead to some issues. 
On the one hand, international students with low pronunciation proficiency may be 
unable to participate in classroom discussion actively. On the other hand, domestic 
students may find it difficult to follow and understand their international teaching 
assistants (ITAs), which may jeopardize domestic students’ learning outcome. 
Pronunciation may even affect international students' career development. For example, 
one student interviewed in Yan and Berliner’s (2013) study mentioned that he did not 
even get through the first round of many telephone interviews because the employers felt 
it was difficult to communicate with him due to his pronunciation deficiency. Thus, 
improving international students' understandability by effectively teaching pronunciation 
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is critical for effective communication between international students and domestic 
students, and the success of all students.  
 
Prosody and Prosody Teaching 
Pronunciation teaching has changed significantly in recent years (Murphy & 
Baker, 2015). One profound change in the contemporary field of pronunciation pedagogy 
is a shift in the features that teachers choose to focus on in their classrooms. 
Pronunciation was dominated by the teaching of segmental features (i.e., individual 
consonants and vowels) for many years. In recent years, however, an increasing number 
of researchers acknowledged the importance of prosody (also commonly referred to as 
suprasegmental features) and called for a shift towards prosodic features (Anderson-
Hsieh, Johnson, & Koehler, 1992; Celce-Murcia, Brinton, & Goodwin, 2010; Derwing, 
Munro, & Wiebe, 1998).  
Researchers, however, have noted the practical ramifications of prosody 
pedagogy. Reed and Michaud (2015) investigated classroom pronunciation teaching and 
found that much pronunciation instruction includes mainly imitation, drills, and repetition. 
Unfortunately, researchers found that this kind of pronunciation instruction may not be 
effective in teaching prosody. For example, Gilbert (2014) states that learners usually do 
not understand why they are asked to imitate the teacher's pitch contour and would 
consider the use of prosody to be decorative. As a result, students never apply the 
prosodic patterns they learned in the classroom to everyday communication. Reed and 
Michaud (2015) argue that prosody instruction should focus on metalinguistic awareness. 
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However, studies supporting their claim and investigating the efficacy of metalinguistic 
awareness-based teaching methods are still lacking. 
Due to prosody’s complex and dynamic nature, it is difficult for teachers to teach 
prosody based on generalizable rules since even native speakers might not agree on the 
“meanings” of certain pitch contours. Therefore, merely raising learners' metalinguistic 
awareness of prosody may not be enough. For instance, knowing that a change of stress 
in a sentence can lead to a change of meaning of the sentence, learners might still find it 
difficult to determine which constituents they should stress in different contexts. In this 
case, learners might be even more reluctant to use the prosody patterns they learned 
because they do not want to be misinterpreted by native speakers of English.  
 
Crosslinguistic Comparison of Prosody 
Trofimovich, Kennedy, and Foote (2015) argue, “productive future avenues of 
research might involve investigations of the role of cross-language similarity in the 
learning of prosodic features” (p. 357). Crosslinguistic prosody teaching has some 
advantages. First, L1 prosody may provide a reference for the usages of English prosody, 
making the application of English prosody more practical. In addition, knowing that they 
have been using prosody in the same manner in their L1s, L2 English speakers may no 
longer consider English prosody superfluous. 
When comparing prosody across languages, Mandarin deserves more attention, as 
32.5% of the international students are from China (Institute of International Education, 
2017b). Researchers found that there are some similarities in the prosodic features and 
  
5 
functions of English and Mandarin, particularly on the sentence level stress feature (Chen 
& Gussenhoven, 2008; Ouyang & Kaiser, 2015; Ip & Cutler, 2016). However, research 
studies investigating the efficacy of crosslinguistic-based pedagogy in teaching Mandarin 
speakers’ sentence stress are lacking.  
 
Pilot Study 
 Analyzing Mandarin speaking international teaching assistant’s intonation, 
Pickering (2001) found that when speaking in English, Mandarin speaking L2 English 
speakers tend to use “a flat, monotonic pitch structure unfamiliar to NS hearers” (p. 249). 
However, researchers comparing English and Mandarin prosody discovered that when 
speaking in Mandarin, “native speakers of Mandarin resemble English speakers in their 
tendency to signal focus by manipulation of duration, pitch range, and intensity” (Ip & 
Cutler, 2016, p333). Taken together, these studies imply that Mandarin speakers use 
Mandarin prosody to realize pragmatic functions but do not transfer the use of prosody to 
English. A pilot study has been conducted to examine this implication.  
The pilot study compares the pitch range of the stressed constituents in native 
English speakers’ English speech, L2 English speakers’ English speech, L2 English 
speakers’ Mandarin speech, and native Mandarin speakers’ Mandarin speech. Five native 
English speakers who do not speak Mandarin, five L2 English speakers who are native 
Mandarin speakers, and five native Mandarin speakers who do not speak English were 
asked to naturally deliver a lecture script adapted from Hahn (2004) (see Appendix B). 
The native English speakers delivered the lecture in English, the native Mandarin 
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speakers delivered the lecture in Mandarin, and the L2 English speakers delivered the 
lecture in both English and Mandarin. The contrastive information in participants’ speech 
was analyzed based on the pitch range, measured as the difference between the maximum 
and minimum pitch level. Pairwise comparison has been made using the R package 
lsmeans (Lenth, 2016) with Tukey adjustment. 
Figure 1. Pitch Range of L1 English, L2 English, and L1 Mandarin Speakers. 
 
A linear mixed-effects model with grouping as the fixed effect, participants’ ID 
and contrastive words/phrases as random effects is used to compare pitch range across 
different groups. The results show that, consistent with Pickering’s (2001) finding, the 
pitch range of the contrastive words/phrases in Mandarin speaking L2 English speakers’ 
English speech is significantly narrower than the pitch range of the contrastive words in 
native English speakers’ English speech (estimate = 5.68, SE = 0.85, t = 6.7, d.f. = 266, p 
< 0.0001). Mandarin speaking L2 English speakers’ English pitch range is also 
significantly narrower than their Mandarin pitch range (estimate = -7.04, SE = 0.85, t = -
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8.303, d.f.=266, p<0.0001) and L1 Mandarin speakers’ Mandarin pitch range (estimate = 
-8.89,, SE = 0.85, t = -10.485, d.f.=266, p<0.0001). 
However, there is no statistically significant difference between native English 
speakers’ English and L2 English speakers’ Mandarin pitch range (estimate = -1.36, SE = 
0.85, t = -1.603, d.f. = 266, p = 0.3787). Also, the pitch range of the stressed constituents 
in native English speakers’ English speech is statistically significantly narrower than that 
of L1 Mandarin speakers’ Mandarin speech (estimate = -3.21, SE = 0.85, t = -3.785, d.f. 
= 266, p = 0.0011).  
The results of this pilot study are consistent with prior researchers’ findings and 
confirm the hypothesis that native Mandarin speakers’ use of some prosodic features (e.g., 
contrastive stress) in Mandarin resembles native English speakers’ use of some prosodic 
features (e.g., contrastive stress) in English. However, Mandarin speaking L2 English 
speakers do not exploit prosody in English as they do in Mandarin. 
 
Research Questions 
To address current issues with pronunciation teaching and to investigate the 
influence of imitation, metalinguistic awareness, as well as learners’ L1 (Mandarin) on 
English prosody learning, the present study compares the efficacy of three prosody 
teaching methods with respect to of Mandarin speakers’ English sentence stress learning. 
The three prosody teaching methods are imitation-based prosody teaching (IT), 
monolingual (English) metalinguistic awareness-based prosody teaching (mono-MAT) 
and crosslinguistic (English and Mandarin) metalinguistic awareness-based prosody 
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teaching (cross-MAT). The research questions are: 
(1) How does imitation affect Mandarin speakers’ English sentence stress 
learning? 
(2) How does metalinguistic awareness of English prosody affect Mandarin 
speakers’ English sentence stress learning? 
(3) How does metalinguistic awareness of Mandarin prosody and the 
similarities between English and Mandarin prosody affect Mandarin 
speakers’ English sentence stress learning?  
 
Hypotheses 
Reed and Michaud (2015) argue that “relying solely on the production-driven side 
of intonation for instruction carries significant negative pedagogical consequences” (p. 
464). The present study hypothesizes, based on their argument and in response to the first 
question, that after imitating a passage that is grammatically and syntactically similar to 
the testing passage in a read-aloud task, Mandarin speakers' use of sentence stress will 
not be improved, as measured by human raters’ perception and speech analysis on the 
average pitch level, pitch range, duration and intensity of the contrastive stress in the 
pretest, the immediate posttest, and the two-week delayed posttest.  
Reed and Michaud (2015) argue that “a more explicit and metacognitive focus 
will guide learners toward realizing the importance of these [prosodic] patterns.” (p. 463). 
Based on their argument, the present study hypothesizes, in response to the second 
question, that after receiving metalinguistic awareness-based prosody teaching (mono-
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MAT) in English, Mandarin speakers’ sentence stress in the read-aloud task will be 
improved, as measured by human raters’ perception and speech analysis on the average 
pitch level, pitch range, duration and intensity of the contrastive stress in the pretest, the 
immediate posttest, and the two-week delayed posttest. However, due to the complex and 
dynamic nature of prosody, Mandarin speakers are unable to apply what they learned in 
their daily conversations. Thus, the participants’ use of sentence stress in the picture 
narrative task eliciting their spontaneous production will remain unchanged.  
Based on the results of the pilot study, the present study hypothesizes, in response 
to the third question, that after receiving crosslinguistic metalinguistic awareness-based 
prosody teaching in both English and Mandarin (cross-MAT), Mandarin speakers’ 
sentence stress in both a read-aloud task and a picture narrative task eliciting their 
spontaneous speech will be improved, as measured by human raters’ perception and 
speech analysis on the average pitch level, pitch range, duration and intensity of the 
contrastive stress in the pretest, the immediate posttest, and the two-week delayed 
posttest.  
 
Significance 
Improving international students’ intelligibility through effective pronunciation 
instruction will lead to a more in-depth and thorough communication that benefits all 
students. Effective prosody teaching is essential to this task. Investigating the influence of 
imitation, metalinguistic awareness, and L1 prosody on prosody learning by examining 
and comparing the efficacy of IT, mono-MAT and cross-MAT, this study not only 
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informs best prosody pedagogy, but also encourages a paradigm shift from imitating the 
prosodic patterns to understanding the importance and pragmatic functions of prosody. 
By addressing prosodic functions shared by two languages, this study encourages 
researchers, teachers, and textbook writers to consider and address the complexity of 
prosodic features and functions in research, classrooms, and textbooks. For example, by 
leveraging the prosody of a tone language (i.e., Mandarin) in the teaching of prosody of a 
non-tone language (i.e., English), this study demonstrates that prosody is a 
multidimensional system in which a particular prosodic feature (i.e., pitch) can be used to 
realize different linguistic functions (i.e., tone and intonation). This finding requires 
teachers to avoid oversimplifying prosody and to address the complex and hierarchical 
structure of prosody.  
This study also encourages teachers and researchers to value learners’ L1s and 
reconsider the relationship between meaning making, pragmatic functions and different 
semiotic systems of languages. First, by demonstrating that even two languages that 
differ drastically in lexical level prosody nevertheless share similar prosodic structure and 
pragmatic functions at the sentence and discourse level, this study encourages the 
exploration of the similarities of the prosodic systems of other languages. In addition, by 
investigating the role of metalinguistic awareness in prosody learning, this study 
investigates the role of consciousness and awareness in the transferring process of skills 
and strategies that are used mostly unconsciously. In this sense, this study offers 
implications not only to prosody learning but also to the language learning process in 
general.  
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CHAPTER TWO LITERATURE REVIEW 
 Prosody, which is commonly referred to as the “music” or “melody” of language, 
is a complex system encompassing a series of suprasegmental features (e.g. intonation, 
pauses, rhythm, etc.). Researchers have found that prosody significantly affects speakers’ 
intelligibility (i.e., the extent to which an utterance is actually understood) and 
comprehensibility (i.e., listeners’ perceptions of difficulty in understanding particular 
utterances) (Anderson-Hsieh, Johnson, & Koehler, 1992; Baker, 2001; Celce-Murcia, 
Brinton, & Goodwin, 2010; Derwing & Munro, 2005). However, prosody teaching is 
recognized to be unsatisfying (Chapman, 2007; Chun, 1988a; Clennell, 1997; Gilbert, 
2014; Murphy, 2014). Reviewing the literature from both linguistic and applied linguistic 
perspectives, this literature review intends to provide an overview of prosody research, 
which clarifies the definition and functions of prosody, and points out the necessity to 
research and teach prosody crosslinguistically at the metalinguistic level.  
 
Pronunciation Teaching 
Pronunciation teaching has changed drastically in recent years (Murphy & Baker, 
2015). One aspect that has shifted profoundly is the field’s goal. In the past, teachers 
believed that it was important to learn the “proper” or “standard” elocution (Mugglestone, 
2015). Contemporary pronunciation teaching rejected accent-determined evaluation 
systems for evaluative models based on multidirectional and multidimensional 
conceptualizations of pronunciation.  
Summarizing prior research studies, Munro and Derwing (1995) introduced three 
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revolutionary, measurable concepts to pronunciation research and teaching: Intelligibility, 
Comprehensibility and Accentedness. Intelligibility and comprehensibility enhancement 
then became the new goal of pronunciation teaching. The following chart from Derwing 
and Munro (2005)’s article summarizes their definition and measurement of these three 
concepts. 
Figure 2. Intelligibility, Comprehensibility, and Accentedness  
 
(DERWING & MUNRO, 2005, P. 385) 
 Munro and Derwing (2015) further elaborate the complexity of intelligibility and 
distinguish between local intelligibility— which refers to “how well listeners recognize 
relatively small units of speech, such as segments and words, outside of a larger 
meaningful context” (p. 381)— and global intelligibility— which entails “larger units of 
language that include rich contextual information.” (p. 381). They argue that instructors 
whose goal is to enhance students’ communicative competence should focus on global 
intelligibility. Researching the factors influencing English prosody teaching, the current 
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study intends to inform pedagogy that enhances L2 English speakers’ global 
intelligibility. 
Another profound change in the contemporary field of pronunciation pedagogy is 
a shift in the features that teachers choose to focus on in their classrooms. Pronunciation 
was dominated by the teaching of segmental features (i.e., individual sounds) for many 
years. In the past 30 years, an increasing number of researchers acknowledged the 
importance of prosody and called for a shift of focus towards prosodic features (Baker, 
2001; Celce-Murcia, Brinton, & Goodwin, 2010). For example, Anderson-Hsieh, 
Johnson, and Koehler (1992) investigated the relationship between experienced SPEAK 
Test1 raters' judgments of nonnative pronunciation and actual deviance in segmentals, 
prosody, and syllable structure. The statistical analysis (Pearson correlation and multiple 
regression) revealed that prosodic variables have the strongest influence on pronunciation 
ratings.  
Derwing, Munro, and Wiebe (1998) devised a study to survey the effectiveness of 
a global teaching approach, which combines both segmental instruction and prosody 
instruction. They collected before and after instruction speech samples from 3 groups of 
ESL learners over a 12-week-long instruction phase: one group was taught with a 
segmental focus, the second was taught with a global focus, and the third received no 
specific pronunciation instruction. The speech samples included both sentence recordings 
and extemporaneously production. Comprehensibility, accent, and fluency of these 
samples were measured by 48 native English listeners and six experienced ESL teachers. 
                                               
1 An oral test for non-native English speakers developed by the Educational Testing Service (ETS). 
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For the sentence task, both the segmental instruction group and the global instruction 
group showed improvement in their comprehensibility while the control group showed no 
improvement. However, only the global group showed improvement in comprehensibility 
for the narrative task. The results of this study suggest that, while both segmental 
instruction and global instruction improve learners’ comprehensibility, global instruction 
that includes prosody teaching might impact learners’ automatic speech more 
significantly. These findings support the argument that, compared to individual segments, 
prosody should receive equal or more attention in pronunciation instruction. 
 
Prosody 
Linguists identified prosodic features long before the modern investigation of 
prosody. As Ladd (2014) notes, “prosodia was used as early as the sixth century BC by 
Greek grammarians and philosophers, including Aristotle and Plato, to refer to the word 
accents of Classical Greek” (p. 58). In the modern era, prosody is commonly referred to 
as suprasegmental features, the music, or melody, of language. It is used by some 
researchers to describe a complex system that includes a number of linguistic variables 
such as intonation, pauses, and rhythm. Wennerstrom (2001), for example, states that, 
“prosody is a general term encompassing intonation, rhythm, tempo, loudness, and 
pauses, as these interact with syntax, lexical meaning, and segmental phonology in 
spoken texts” (p. 4). Cohen, Douaire, and Elsabbagh (2001) define prosody as “the 
perceptual pattern of intonation, stress, and pause; the physical correlates of which are 
fundamental frequency (F0), amplitude, and duration” (p. 74). 
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Some researchers argue that prosody has a hierarchical structure (Demuth, 1996; 
Gussenhoven & Jacobs 2011; Zheng & Pierrehumbert, 2010). As Gussenhoven and 
Jacobs (2011) summarize, in this prosodic hierarchy, “lower, and thus typically smaller 
constituents, are contained within higher, and thus typically larger ones. For instance, 
foot is contained within, or dominated by, the phonological words and phonological 
words are grouped into phonological phrases, etc. Instead of ‘phonological constituent’, 
the term ‘prosodic constituent’ is often used, particularly for the higher constituent, like 
the phonological phrase, the intonational phrase and the phonological utterance” (p. 246).  
 
Figure 3. Prosodic Hierarchy 
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Prosody Functions 
Prosody encodes meanings and has various pragmatic functions (Levis & 
Wichmann, 2015; Pierrehumbert & Hirschberg, 1990; Reed & Michaud, 2005; 
Wennerstrom, 2001). However, the precise “meanings” of prosody, if they are indeed 
precise, remain unclear. Using the prosodic hierarchy as a reference, the “meaning” of 
prosody is more precise and clear towards the lower (lexical) level, and broader and 
vaguer at the higher (e.g. phrase, utterance, and discourse) levels.  
At the lexical level, prosody can change meanings directly and clearly. In tone 
languages such as Mandarin and Cantonese, tone—corresponding to pitch level and pitch 
movement—alters the meaning of lexical items. Mandarin has four tones: mā (mother), 
má (hemp), mǎ (horse) and mà (scold). Cantonese also uses tone, using both temporal 
information (i.e., pitch contour) and categorical information (pitch level), to discriminate 
lexical items. For instance, sī with a high level tone means poetry whereas sī with a 
medium level tone means test. Even in non-tone languages such as English, prosody can 
change the categories of lexical items, albeit a limited set. For example, REcord with 
lexical stress on the first syllable and reCORD with lexical stress on the second syllable 
are two different lexical categories, i.e. noun and verb respectively.   
At the phrasal level, prosody has much broader functions and a less anchored 
influence on meaning. For instance, many languages use rising pitch at the end of a 
phrase to indicate a question (e.g. all right?) while a phrase ending with a falling pitch is 
used to signify a statement (e.g. all right). Prosody can also change meaning from a show 
of hesitation (e.g. all right…) to one of emotion (e.g. all right!). In this sense, prosody 
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functions as “speech’s punctuation marks”. This can be rather complex as some prosodic 
distinctions are not grammatically required, but can disambiguate two possible readings 
of a sentence. Halliday (2008) used an example to demonstrate how the grouping 
function of English prosody alters the meanings of the sentence: She dressed and fed the 
baby. According to Halliday, this sentence could be uttered as either [She dressed and fed 
the baby] or [She dressed] [and fed the baby] with different prosodic contours. The 
former realization suggests that the woman performed both actions on the baby whereas 
the latter implies that the woman dressed herself first and then she fed the baby.  
Remarkable sophistication is required for the interpretation of prosody at the 
discourse level since not only can it alter the semantic meanings of content, it is itself 
heavily influenced by contextual information. For example, the sentence Mariana made 
the marmalade with a falling tone at the end of the phrase is a statement that indicates 
that the speaker acknowledges, as fact, that someone named Mariana made something, 
which is marmalade. However, the same sentence can also be spoken using the 
“incredulity contour” with rising pitch contour on the word Mariana and the end of the 
phrase. In this case, this phrase becomes a question that shows disbelief or surprise. The 
interpretation of prosody, therefore, is challenging for English teachers and learners. 
Furthermore, L2 English speakers are more likely to focus on semantic meaning while 
overlooking the implied meaning signaled by prosody. Reed and Michaud (2015) provide 
an example, “in another classroom setting, when collecting essays on the day they were 
due, a teacher paused in front of a learner who did not have her essay. “Can I give it to 
you on Monday?” the learner asked. “You can,” the teacher replied, implicitly indicating 
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a “but” which was unstated… in this case referring to the late penalty for papers listed on 
the syllabus. “Okay, thanks!” the learner replied with relief” (p. 463). 
A sophisticated understanding of prosodic elements is important because they 
mark information structure (Hahn, 2004; Pickering, 2001, 2004; Pierrehumbert & 
Hirschberg, 1990; Wennerstrom, 2001). At the phrasal level, prosody shifts the focus of 
utterances and marks contrastive information. For example: It is not MY responsibility to 
do this job and It is not my RESPONSIBILITY to do this job have different focuses and 
implications due to sentence stress alone. The former sentence suggests that it is someone 
else’s responsibility to do the job whereas the later emphasizes the fact that the speaker is 
not obliged to do the job. Hahn (2004) demonstrated that sentence level primary stress 
plays an important role in intelligibility by investigating native English speakers’ reaction 
time, comprehension, and attitude to different versions of a lecture read by an 
international teaching assistant with primary stress “correctly placed (e.g. The úrban 
environment is more individualistic than the rúral environment.), misplaced (e.g. The 
urban environment is more individualistic than the rural envíronment.), or missing (e.g. 
The urban environment is more individualistic than the rural environment.)” (p. 206). She 
found that when the primary stress is correctly placed, native listeners recalled 
significantly more information, provided significantly higher evaluation scores for the 
speaker and processed the speech easier.  
Mastery of prosody is critical at the discourse level. Wennerstrom (1998) 
proposed that there is an intonation system in English that functions at the discourse level 
to signal relationships in information structure and to mark interdependencies among 
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constituents; she proposes a model in which intonation functions as a grammar of 
cohesion. Brazil (1981) argued that English speakers use high ‘‘key’’ (starting pitch level 
of an intonation unit) to indicate a contrast with information presented by the previous 
speaker. Boyce and Menn (1979) discovered that speakers’ starting pitch levels change 
significantly but that their ending pitch points remain relatively constant; they suggest 
that listeners might use ending pitch level as a cue to determine when a speaker is about 
to finish talking. Researchers also have found that speakers use prosodic patterns—
“paratones”— to bracket their speech and to divide a large text into small “speech 
paragraphs” or “intonational paragraphs” (Pickering, 2004; Wennerstrom, 2001).  
 
Prosody Functions in Classroom 
Researchers have noted the functions of prosody for pedagogy. Hellermann (2003) 
reviewed over 25 hours of classroom IRF (initiation-response-feedback) interaction and 
concluded that teachers and students systematically use intonation in creating an effective 
classroom discourse. Teachers, for example, use complex prosody packaging while 
providing feedback to students.  
Pickering conducted two consecutive studies to compare native speaker teaching 
assistants (NSTAs)’ and international teaching assistants (ITAs)’ tone choice and use of 
intonation in the classroom. She argues that, “intonation bears a high communicative load 
in terms of information structuring and rapport building between discourse participants” 
(2001, p. 234). Pickering’s (2004) subsequent analysis of NSTAs’ instructional 
monologues reveals a hierarchy of phonologically defined units that coincide with 
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structural boundaries at other levels of discourse; these prosodic elements contribute to 
the overall organization of the teaching presentations, whether the instructors recognize it 
or not. Her analysis of parallel ITA data, however, demonstrates that Mandarin speaking 
ITAs are incapable of effectively controlling this level of structural organization. 
Specifically, ITAs in her study have an overall narrower pitch range and are unable to 
consistently manipulate key and tone choices to create intonational paragraphs.  
Skidmore and Murakami (2010) investigated an additional, important function of 
prosody in classroom discourse; specifically, in teacher-led dialogue, prosody might 
serve to signal shifts from one kind of teacher-student interaction to another. They found 
that prosody signals the boundaries between multiple teacher-led IRF activities, such as 
the passage from “thinking aloud” to an authoritative discourse in which teacher gives 
instructions to students. On the one hand, the study confirms Pickering’s (2001) argument 
that American classrooms are subject to prosodic norms that facilitate communication 
between teacher and students. On the other hand, this study demonstrates that prosody 
has multiple subtle functions in classroom. Despite the importance of these norms, 
neither teacher nor students realize that they rely on these functions during teaching.  
 
Emotional and Attitudinal Prosody 
In addition to linguistic prosody, which conveys information such as lexical stress, 
syntactic structure, and semantic meaning, there is emotional prosody that conveys 
emotional states such as happiness, sadness, and anger (Horley, Reid, & Burnham, 2010; 
Pierrehumbert & Hirschberg, 1990). Emotional prosody, also known as affective prosody, 
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more exactly, denotes humans’ ability to communicate emotions by manipulating the 
acoustic signals of the voice as well as listeners’ perception and recognition of such cues 
(Pell & Kotz, 2011). This differentiates human language, Perlovsky (2009) argued, from 
animal cries as “sounds of animal cries fuse emotions and sounds whereas human 
language required freeing vocalization from uncontrolled emotional influences.” (p. 519). 
In other words, human languages separate emotions from semantic meaning and thus 
allow speakers to superimpose emotional prosody over linguistic content in order to 
create flexibility in realizing different social functions.  
Although some authors have claimed that specific emotions are expressed by 
specific intonation patterns (Fonagy & Magdics, 1963), most researchers argue that 
emotional prosody is a complex process that is influenced by multiple factors such as 
contour shape, fundamental frequency (F0) range, and voice quality (Bänziger & Scherer, 
2005; Ladd, Silverman, Tolkmitt, Bergmann, & Scherer, 1985). Due to the complexity of 
emotional prosody, this controversy is unsurprising. It is one of the most fundamental and 
universal features of human languages, and listeners can reliably elicit emotional 
information from a foreign language (Pell & Skorup, 2008; Perlovsky, 2009; Thompson 
& Balkwill, 2006); however, it is specific to each individual speaker and influenced by 
individuals’ sex, age, and personality (Besson, Magne, & Schön, 2002; Brück, Kreifelts, 
Kaza, Lotze, & Wildgruber, 2011).  
Thompson and Balkwill (2006) analyzed native English speakers’ recognition of 
emotional prosody in five languages—English, German, Chinese, Japanese, and 
Tagalog—and concluded that recognition accuracy exceeds chance for all languages and 
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all emotions. Nevertheless, the recognition rate for English is the highest, which suggests 
an in-group advantage for emotional prosody recognition. Furthermore, this study 
demonstrates that there are at least some kinds of universals in emotional prosody. 
Dromey, Silveira, and Sandor (2004) investigated the recognition of emotional prosody 
by native English speakers and speakers of other languages at the level of a single word. 
They also concluded that, although speakers of other languages identify emotion in a 
single word well above chance, native English speakers did so with higher accuracy.  
Although some researchers suggest that intonation conveys attitudes—such as 
firm, sympathetic, and arrogant—efforts attempting to identify a one-to-one relationship 
between such attitudinal labels and specific pitch contours have been unsuccessful. 
Instead, Wichmann (2002) argues, “these labels refer not to the affective prosody itself, 
but to the meanings implied by or inferred from utterances in a given interactional 
context.” (p.1). In this sense, attitude differs from emotion since it is possible to be happy 
or sad on one’s own, but it is not possible to be condescending on one’s own. Wichmann 
also notes that inferences about attitude are often the result of a mismatch between some 
relevant parameters. The greater the mismatch between expected and actual parameters, 
the more likely an inferential meaning is generated. 
 
Cognitive Influence of Prosody 
Beyond language, prosody affects cognitive systems. Escoffier, Sheng, and 
Schirmer (2010) investigated the influence of musical rhythm on participants’ reaction 
time. They created a silence interval in music in which they presented pictures that were 
  
23 
either upside down or right side up to participants and measured the time that the 
participants needed to determine the pictures’ orientation. During the experiment, 
participants listened to a piece of music and the images appeared either on or off the 
expected beat. The analysis of variance (ANOVA) of response time indicates that visual 
stimuli presented in synchrony with the accompanying musical rhythm were processed 
faster than stimuli presented in silence. This suggests that musical rhythm modulates 
attention and, further pointing to the importance of prosodic elements, that “processing 
was proposed to be optimal when harmonic predictions are fulfilled” (p.15). 
Research suggests that prosody also affects listeners’ comprehension and memory. 
Cohen, Douaire, and Elsabbagh (2001) tested participants’ comprehension and memory 
of specific words across normal, monotonous and altered prosody; prosodic alterations 
contradicted the syntactic structure of the test sentences (e.g. introducing a pause within a 
phrase). Participants who listened to speech with normal prosody had the highest scores 
while the participants who listened to speech with altered prosody had the lowest scores. 
The researchers also compared prosody with normal, absent and altered punctuation and 
got similar results. They argue that prosody and punctuation have a similar effect on the 
participants’ cognition system, and their results indicate that prosody significantly affects 
participants’ comprehension and memory. In fact, as readers can backtrack and listeners 
cannot, they argue that prosody is even more important than punctuation in discourse 
processing.  
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Defining Prosody 
To conclude, due to the complexity of prosody, it is better understood as a set of 
paradigms that prior researchers have acknowledged rather than as a specific linguistic 
category with a fixed definition. Those recognized characteristics include three essential 
points:  
1. Prosody is a complex system, which encompasses a set of suprasegmental 
features that work in unison with elements at the segmental level; the suprasegmental 
features mostly correspond to three highly interrelated physical and measurable 
characteristics of human speech: fundamental frequency (F0), duration, and intensity.  
2. Prosody has a hierarchical structure and any one prosodic characteristic can 
have different functions at different levels of that hierarchy. Further, the perception of 
prosodic features is influenced by several characteristics of this hierarchy.  
3. Prosody affects textual meanings, has pragmatic functions, and conveys 
paralinguistic meanings. It is an essential part of conveying attitude, emotion, and speech 
acts and it affects the cognitive system of human beings. However, the 
meanings/functions of prosody are largely discourse-related and even discourse-specific. 
 
Prosody Acquisition 
Prosody plays an important role in infants’ first language acquisition. Infants’ 
perception of prosody develops early (Cooper & Aslin, 1990; Fernald, 1985; Vihman, 
2014). Using the visual-fixation-based auditory-preference paradigm, Cooper and Aslin 
(1990) surveyed 1-month old and 2-day old infants’ reaction to adult-directed speech and 
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infant-directed speech (IDS); IDS is characterized by higher pitch level, longer duration, 
slower tempo, more pauses, and a more distinctive pitch contour. The results of their 
study show that both 1-month old infants and 2-days old infants prefer IDS to adult-
directed speech and, therefore, indicate that infants are able to process and distinguish 
prosodic cues in adult speech shortly after birth.  
This preference for IDS is not the only sign that infants develop awareness for 
prosody early. Mehler, et al., (1988) conducted a series of experiments to investigate 
infants’ ability to discriminate languages, their preference for specific languages, and the 
factors that influence their discrimination. They found that infants as young as 4 days old 
are able to discriminate between their L1s and other languages, and that they prefer to 
listen to their L1s. Subsequent experiments using filtered speech revealed that prosody is 
an important cue used in the infants’ discrimination process and that prosody alone 
provides sufficient information for infants to discriminate between their L1s and other 
languages. These findings demonstrate infants’ sensitivity to prosodic cues and establish 
human’s early preference for exaggerated prosodic speech. 
 
Prosody Teaching 
As the research surveyed above makes clear, prosody is fundamental for 
communication. Therefore, being able to use English prosody appropriately is critical for 
learners. Gilbert (2014) argued that “[i]n English, prosodic cues serve as navigation 
guides to help the listener follow the intentions of the speaker. These signals 
communicate emphasis and make clear the relationship between ideas (new and old 
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information) so that listeners can readily identify these relationships and understand the 
speaker’s meaning” (p. 123). Gilbert continued by noting that “emphasis that conveys the 
wrong meaning, or thought groups that either run together or break in inappropriate 
places, cause extra work for the listener who is trying to follow the speaker’s meaning. If 
the burden becomes too great, the listener simply stops listening” (p. 123). Chun (1988a) 
also addressed this issue and pointed to another possible negative outcome of inadequate 
prosodic training: “learners lack the privilege of discourse management—they do not 
learn to steer conversations, to elicit reactions. They thus often feel that "they don't know 
enough grammar" if a native speaker does not understand them. Yet, their problem may 
well lie elsewhere—their grammar is fine, but they have not managed to interrupt in a 
way the native speaker recognizes as an attempt to take the floor” (p. 83).  
Unfortunately, L2 English learners do not automatically acquire the prosodic 
patterns of English. Reviewing prior researchers’ works, Chapman (2007) concluded that 
some scholars “have raised the question of whether learners are likely to acquire an 
understanding of the English intonation system simply by being exposed to natural 
speech. Their findings are largely negative” (p. 4). 
Effective teaching of prosody is critical, though it is admittedly hard to teach. 
Researchers found that multiple reasons contribute to the typical ineffectiveness of 
prosody pedagogy (Chapman, 2007; Chun, 1988a; Clennell, 1997; Gilbert, 2014).  
Teacher Training 
One particular issue that hinders effective prosody teaching is the insufficient 
training available to pronunciation teachers. Derwing and Munro (2005) argue that 
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pronunciation has been marginalized for many years and “[e]ven now, much less research 
has been carried out on L2 pronunciation than on other skills such as grammar and 
vocabulary, and instructional materials and practices are still heavily influenced by 
commonsense intuitive notions” (p. 380). Breitkreutz, Derwing, and Rossiter (2001) 
investigated practices of pronunciation teaching in Canada and found that only 30% of 
teachers have any pedagogical training related to pronunciation and that most of the 
training options tend to be single session conferences or workshops rather than in-depth 
pedagogical work. Although this survey was conducted in Canada specifically, its 
findings reflect some of the tendencies of pronunciation teaching in other countries as 
well.  
Two teachers quoted in Derwing and Rossiter’s study noted, “[g]enerally, ESL 
teachers in this area are not well trained in teaching pronunciation, and usually avoid 
dealing with this subject.” (2001, p. 58). However, we should be aware that this lack of 
teacher training reflects the lack of effective pedagogy in this field—teachers are not 
provided effective pedagogy because such pedagogy is not available yet. As the two 
teachers in Derwing and Rossister’s study continued, “[w]e don’t do enough of it because 
we don’t know how” (2001, p. 58).  
 
The Gap Between Research and Practice 
To teach prosody effectively, teachers must address the inherent complexity of 
prosody and the contextual information that is associated with prosody. Students can 
memorize segmentals—master the features of specific sounds and reproduce them in 
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different contexts—but prosody requires the discernment to produce different realization 
in different contexts. As Chun (1988b) notes, “[t]he interpretation of the value of an 
utterance is dependent on the many interactive functions of that utterance within the 
given discourse, not only the traditional choices of syntax and semantics, but also context 
and intention” (p. 298). Furthermore, as the relationship between prosody and its 
meaning/function is not a one-to-one relationship, and the meaning of a prosodic pattern 
depends highly on context, even native speakers cannot always reach a consensus on a 
given pattern’s meaning (Clennell, 1997).  
Previous attempts to put prosody research into practice have been found to be 
unsatisfactory. For example, Chun (1988a) argued that researchers’ linguistic 
descriptions are unsuitable for classroom applications. Thus, the relatively extensive 
literature on the topic has had minimal impact on pedagogy and in shaping syllabuses. 
Even when the framework provides consistent enough description, prosody teaching is 
challenging. For instance, Chapman (2007) was unsuccessful in applying Brazil’s 
discourse intonation framework to pedagogy because even some fundamental tasks, such 
as identifying rising and falling tones, present a challenge for both teachers and students.  
Pronunciation teachers face considerable challenges in transforming the theories 
that they have learned from conferences and journals into classroom practices. Even 
when teachers are aware of current theories and latest trends, lack of implementation 
suggestions combined with limited classroom time and curriculum constraints prevent 
implementation. As Baker (2014) noted in her study of teacher cognition with respect to 
pronunciation teaching, “The teachers had access to pronunciation techniques, materials, 
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and activity or course books, but these resources did not seem to sufficiently address the 
problem of how to teach these items systematically within lesson plans, at least according 
to the views expressed by some of the informants. More research certainly seems to be 
required in the area of pronunciation instruction” (p.286). 
 
Learner Awareness 
Learners’ lack of awareness of the importance of prosody hinders prosody 
teaching. While it might seem self-evident to a teacher that prosody is important, students 
may cast doubt on the importance of prosody. As Paunović and Savić (2008) said 
“Students often do not have a clear idea of why exactly ‘the melody of speech’ should be 
important for communication, and therefore seem to lack the motivation to master it (p. 
72-73).  
Gilbert (2014) mentioned a case in which a student questioned the importance of 
the exercise she used to teach sentence stress by saying, “this is just an exercise for the 
class, no?” (p. 125). Gilbert stated that “…the principle was not self-evident. Student will 
rarely tell the teacher that they feel silly speaking this way, and the result will be that they 
may walk out of the class without having accepted the system at all. Or they may think 
intonation is simply decorative.” (Gilbert, 2014, p. 125). Gilbert’s observation echoes 
what Allen (1971) had noted 40 years ago: “there is little carry-over into the students’ 
own conversations outside the classroom and the listen and repeat approach has never 
yielded satisfactory long-term results” (p. 79). 
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Crosslinguistic Investigation of Prosody 
Facing the challenges of prosody teaching, researchers are searching for solutions 
from the learners’ L1s. (Gilbert, 2014; Ortega-Llebaria & Colantoni, 2014; Wennerstrom, 
2001). Gilbert (2014) argues that traditional approaches to intonation teaching are 
fundamentally discouraging for learners and onerous for teachers because they focus on 
technical rules on grammar, pitch levels, or intuition about attitudes. She encourages 
teachers to show students the differences between how English and their native languages 
draw attention to a speaker’s main point. Wennerstrom (2001) argues, “it would be useful 
to investigate second-language data from English, whose prosodic features are fairly well 
studied, to compare the prosody of speakers from different first-language backgrounds” 
(p. 251).  
Clennell (1997) argues that there are two specific reasons that intonation is poorly 
understood and inadequately taught; first, that “the discourse/pragmatic functions of 
English prosody appear to be specific to the English language and are unfamiliar to most 
learners of English” and, second, “interference from the learners such as lexical tones 
might be a problem”. However, growing evidence suggests that Clennell’s argument 
might be unsound in some cases and there are, in fact, some similarities between Chinese 
and English sentence stress.  
Sentence stress in English  
“Stress” is a suprasegmental feature that has several physical correlations. English 
stressed constituents typically involve changes of fundamental frequency (F0), duration, 
intensity, and clearer pronunciation of the segmental features (i.e., vowels and consonants) 
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(Fry, 1956).  
English is usually referred to as a stressed-time language, in which “isochrony is 
supposedly based on the regular occurrence of stressed syllables” (Nazzi, Bertoncini, & 
Mehler, 1998, p. 757). In English, “stress” is placed on syllables rather than individual 
vowel and consonant phonemes” (Brown, 2015, p. 86). English syllable structure varies 
from very simple structure that consists of one single vowel (e.g. eye /aɪ/) to extremely 
complex structure that consists of one vowel, three consonants before the vowel (i.e., the 
onset position) and three consonants after the vowel (i.e., the coda position) (e.g. sprints / 
/spʁints/). Brown (2015) argued, “the syllable structure of English is more complex than 
that of most languages” (p. 89). 
English is a non-tone language. In English, the term “tone” is usually used to 
referred to the individual pitch targets (i.e. H and L) associated with metrically prominent 
elements or boundaries. These targets are also called “pitch accents”. However, in 
English, not every element that has a F0 is realizing a tone specification and the pitch 
movement is the interpolation between tonal targets (Pierrehumbert, 1980). 
Sentence stress in Mandarin 
Mandarin is usually referred to as a syllable-timed language, in which “isochrony 
is supposed to rely on syllables” (Nazzi, Bertoncini, & Mehler, 1998, p. 757). The 
syllable structure of Mandarin is less complex compared to that of English. As Duanmu 
(2014) concluded, Mandarin has syllables that consists of a consonant and a vowel (e.g. 
他 [tha] “him”) and “the maximal Chinese syllable, regardless of the dialect, is often 
thought to contain four positions, or CGVX, where C is a consonant, G is a glide, and VX 
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is a diphthong, or a short vowel plus a consonant, or a long vowel (e.g. 快 [khwai] “fast”)” 
(p. 423). Mandarin distinguishes heavy and light syllables based on rhyme duration and 
reduction and only heavy syllables can carry lexical tone and stress.  
Mandarin is a tone language, in which “pitch with which a syllable is uttered can 
cue meaning differences” (Zhang, 2014, p. 443). Furthermore, “Chinese languages often 
have complex patterns of tone alternation caused by adjacent tones or the 
prosodic/morpho-syntactic environment in which a tone appears, commonly referred to 
as tone sandhi” (Zhang, 2014, p. 443). The existence of Mandarin’s complex tonal 
patterns poses significant challenges for the investigation of Mandarin prosody. Because 
both intonation and tone correlate with pitch change, it is difficult to determine the extent 
to which the pitch variation in Mandarin corresponds to prosody. Ward, Li, Zhao, and 
Kawahara (2016) conducted a study investigating the fraction of pitch change devoted to 
pragmatic functions of prosody rather than tone in Mandarin. After analyzing a Mandarin 
corpus of telephone conversation, they estimated that at least 39% of the pitch variation 
of Mandarin dialog relates to pragmatic functions, some of which are the same in English. 
Mandarin also has sentence stress. Researchers found that the prosodic features 
that are used to encode information structure in English (i.e., F0, duration and intensity) 
are all used to encode information structure in Mandarin even though Mandarin has a 
lexical tone system (Ouyang & Kaiser, 2015). Specifically, Mandarin speakers 
manipulate pitch range to signal stress. Ip and Cutler (2016) found that “native speakers 
of Mandarin resemble English speakers in their tendency to signal focus by manipulation 
of duration, pitch range, and intensity” (p. 333).  Kabagema-Bilan, López-Jiménez, and 
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Truckenbrodt (2011) further concluded that “raising in the focus and subsequent lowering 
and compression of the F0 range are the phonetic F0-correlates of a single focus in 
Mandarin Chinese” (p. 1903). 
Research suggests that Mandarin speakers’ capacities to signal stress may be even 
greater than that of native English speakers. Keating and Kuo (2012) argued that “English 
and Mandarin speakers appear to have essentially the same physical capabilities with 
respect to rate of vocal fold vibration” (p. 1058). They further conclude that their study 
supports the claim that “a tone language like Mandarin can have an overall higher 
average F0 and an overall larger F0 range” (p. 1059). Comparing five different types of 
prosodic focus by native English speakers and Mandarin speakers, Ip and Cutler (2016) 
found that “[a]cross both dialogues, Mandarin speakers reliably show greater increase in 
pitch for new-information focus (either as pitch range or mean/maximum)” (p. 333). 
Mandarin Speakers’ English Sentence Stress 
Ortega-Llebaria and Colantoni (2014) compared the perception and production of 
English focus by native English, Spanish and Mandarin speakers and found that 
Mandarin speakers could successfully imitate native English speakers’ use of prosodic 
cues in marking focus. However, Pickering (2001) found that Mandarin speaking 
international teaching assistants “tended to create a flat, monotonic pitch structure 
unfamiliar to NS hearers (p. 249). The findings of these studies, together with the results 
of the pilot study discussed above, suggest that Mandarin speaking L2 English speakers 
are capable of producing English sentence stress using F0, duration, and intensity. 
However, they do not use English prosody in the same way and to the same extent as they 
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use Mandarin prosody. 
Ortega-Llebaria and Colantoni (2014) argued that “acquiring intonation in a L2 
not only is an issue of learning to perceive and produce the target melody but, crucially, 
involves a new mapping between form and meaning that is affected by L1 transfer” (p. 
351). Reed and Michaud (2016) argued that metalinguistic awareness is essential in 
prosody teaching. Using Mandarin speakers’ English sentence stress learning as a case, 
the current study investigates how metalinguistic awareness of the prosody of the target 
language (i.e., English) and how metalinguistic awareness of the prosody of the L1 (i.e., 
Mandarin) and the similarities between L1 and L2 prosody affect L2 English speakers’ 
English prosody learning.
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CHAPTER THREE METHOD 
 This study surveys the role of imitation, metalinguistic awareness, and L1 
prosody in English prosody learning by investigating the efficacy of three prosody 
teaching methods: imitation-based prosody teaching (IT), monolingual metalinguistic 
awareness-based prosody teaching (mono-MAT), and crosslinguistic metalinguistic 
awareness-based prosody teaching (cross-MAT). Each participant took a pretest, received 
an intervention, took an immediate posttest, and took a two-week delayed posttest. In 
each of the tests, the participants read a lecture script and described a story based on a set 
of eight pictures. Participants’ use of sentence stress in the pretest, posttest, and delayed 
posttest was rated by six human raters. The stressed constituents in the read-aloud task 
were analyzed based on average pitch level, pitch range, duration, and intensity. The 
results were compared across tests and intervention groups.  
 
Participants 
A power analysis based on high power (i.e., 0.95) and high correlation between 
repetition measures (i.e., 0.7) was conducted before the data collection phase to 
determine the number of participants. Based on the results of the power analysis, 48 
Mandarin speakers who are also L2 English speakers were recruited as the participants of 
this study. The participants are undergraduate or graduate students in universities in the 
United States. Participants’ English language proficiency level is intermediate to 
advanced as measured by their self-reported standardized tests scores, which will be 
discussed in the results section. 
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The participants were randomly assigned to 4 groups (N = 12). Participants in 
Group 1 received imitation-based prosody teaching (IT). Participants in Group 2 received 
monolingual metalinguistic awareness-based prosody teaching (mono-MAT). 
Participants in Group 3 received crosslinguistic metalinguistic awareness-based prosody 
teaching (cross-MAT). Participants in Group 4 (control group) were interviewed on their 
pronunciation learning experience. 
 
Procedure 
Each participant made two study visits to the Phonology Lab at Boston University. 
In the first study visit, participants completed an online autobiographical information 
questionnaire (see Appendix A), took a pretest, received an intervention, took an 
immediate posttest, and were interviewed at the end of the study visit. Approximately 
two weeks later, the participants made their second study visit to the same location. In the 
second study visit, participants took a delayed posttest and were interviewed again. The 
pretest, posttest, and the delayed posttest use the same testing materials, which consist of 
a read aloud task and a picture narrative task eliciting participants' spontaneous speech. 
Participants were audio recorded in a soundproof booth using a digital voice recorder (i.e., 
Zoom H4N) and computer software (i.e., audacity) that guards against equipment failure.  
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Tests 
Participants were asked to watch a short video clip at the beginning of each test. 
The short videos presented at the beginning of the pretest, posttest, and delayed posttest 
were recorded by three different native English speakers. In each video clip, a speaker 
sits in front of the camera and says that the researchers told her that the participant is 
going to give her a lecture and tell her a short story that she has never heard before. She 
looks forward to hearing the lecture and the short story. Participants were asked to deliver 
the lecture and tell the story to the speaker in the video clips.  
After watching the video clip, participants were given a piece of paper with a 
written lecture script adapted from Hahn (2004) (see Appendix B). The lecture script was 
designed to investigate how uses of sentence stress by an international teaching assistant 
affect listeners’ cognition and it has some contrastive information that is supposed to be 
stressed by native speakers of English. The first paragraph of the lecture script is 
presented below. 
I will start by defining the topic for today, which is individualism and collectivism. 
Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals. So let’s 
suppose you have a conflict at work about break time. Let’s say your co-workers 
want longer breaks, but you want shorter breaks. If you’re a collectivist, you’ll 
give in to the group. But if you’re an individualist, you’ll go against the group. 
 
In this paragraph, the words “personal” and “group” are contrastive and should be 
stressed. However, as Chun (1982) found in her study, “Chinese speakers sometimes 
failed to place sentence stress on the appropriate word or syllable” (p. 386). Mandarin 
speakers may, for example, misplace the sentence stress on “ahead of”, which is 
misleading as stressing “ahead of” in the first sentence creates an expectation that 
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something contrastive to “ahead of” such as “after” will be presented in the second 
sentence. Participants were asked to read through the lecture script, familiarize 
themselves with the lecture script, mark the script in the ways that they think will be 
helpful, and ask any questions they may have. When the participants were ready, they 
started to deliver the lecture in front of a computer.  
After finishing the read-aloud task, participants were asked to complete a picture 
narrative task. They were given a piece of paper with eight pictures that describe a story 
in which a man and a woman accidentally bumped into each other and mistook their 
suitcases (see Appendix C). There is also some contrastive information in the picture. For 
example, in the last two pictures, the man took the woman’s suitcase in which he found a 
red dress and the woman took the man’s suitcase in which she found a yellow tie. 
Participants were asked to look at the pictures first, prepare for the story, and ask any 
questions they may have. When they were ready, participants were asked to tell the story 
to the speaker in the video clip. Some participants’ narrations were transcribed below. 
One day, a man and a woman enter the same building from different directions. 
And they didn’t see each other. All of a sudden, they hit to each other. So their 
suitcases are the same type and the same color. After they hit each other, the 
suitcase got swapped. So both of them picked up the suitcase and left. And after 
they arrive at their office, open the suitcase, the man found a dress from his 
suitcase and the woman found a tie from her suitcase.  
(Group 3-Participant 9) 
In a rush time, a man and a woman met at a corner of a street and struck by each 
other. Their suitcases dropped down. And their suitcases were the same and they 
took each other’s suitcases. When they get back, the man found a dress and some 
other things not belong to him in the suitcase. And the lady found a tie and other 
things that do not belong to her in the suitcase. So they realized that they took the 
wrong one from each other. 
(Group 1-Participant 7) 
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Ok. So this all happens in a metropolis. A woman and a man, they crushed, I 
mean, literally crushed in a corner while they were holding the exact same green 
suitcase. Of course, their suitcases fell on the floor. They stand up and just pick 
up, um…what they thought their own suitcase and just go back to their own 
condo. And then when they opened the suitcase, wow surprise, the man is 
holding a red dress and the woman was surprised by the white tie with black 
strips. 
(Group 4-Participant 11) 
 
Interventions 
Group 1-IT 
Participants in Group 1 received imitation-based prosody teaching (IT). During 
the intervention, participants were given a piece of paper with a passage that is 
grammatically and syntactically similar to the read-aloud testing passage (see Appendix 
D). Both the testing passage and the intervention passage discuss two contrastive 
concepts. The testing passage discusses individualism and collectivism and the 
intervention passage discusses capitalism and communism. Furthermore, the structures of 
sentences in the intervention passage resemble the structures of sentences in the testing 
passage. For instance, the testing passage includes the sentences: “Let’s say your co-
workers want longer breaks and you want shorter breaks. If you are a collectivist, you’ll 
give in to the group. But if you’re an individualist, you’ll go against the group. The 
intervention passage has similar sentences: “Let’s say the government wants a lower 
price but you want a higher price. If you are in a communist society, you will obey the 
government. But if you are in a capitalist society, you will challenge the government.”  
Participants were asked to listen to a pre-recorded lecture, in which a native 
speaker read the instruction passage two times. For the first time, the speaker read the 
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passage as a whole and the participants were asked to listen to the passage. For the 
second time, the speaker read the passage sentence by sentence. The participants were 
asked to follow the speaker and read the passage out loud sentence by sentence. When 
participants were reading after the speaker, they were asked to imitate the pronunciation 
and intonation of the native speaker. 
 
Group 2-mono-MAT 
Participants in Group 2 received monolingual (English) metalinguistic awareness-
based prosody teaching (mono-MAT). During the intervention, participants were given a 
handout that has English examples and exercises. The participants were asked to listen to 
a pre-recorded lecture about English sentence stress given by a native speaker of English 
(see Appendix E) and complete the exercise in the handout.  
The lecture contains two parts. The first part introduces the concept of sentence 
stress and associates sentence stress with meanings/implications by asking participants to 
listen to the same sentence uttered with different sentence stress (e.g. The professor 
didn’t grade your exam. vs. The professor didn’t grade your exam.). In the second part, 
the participants were asked to listen to a set of sentences with sentence stress correctly 
placed or misplaced. Two sample sentences are presented below. 
Sentence 1: sentence stress correctly placed 
Example: In our discussion of social media, we have been discussing Facebook’s  
    creation, now let’s talk about Google’s creation. 
 
Sentence 2: sentence stress misplaced 
Example: In our discussion of social media, we have been discussing Facebook’s  
    creation, now let’s talk about Facebook’s marketing. 
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 After listening to the sentences, participants were asked to indicate the naturalness 
of each sentence based on a 5-point Likert scale (1 means very unnatural and 5 means 
very natural). For the sentence(s) that participants found unnatural, they were asked to 
write down the reason(s) why they think the sentence(s) is/are unnatural.  
 After hearing the pre-recorded lecture, the participants were asked to read aloud 
some sentences in their handout. The participants were first asked to read aloud three 
sentences with meanings/implications indicated in parentheses after the sentences. 
1. The man likes to ride his bicycle in the park (the man, not the woman). 
2. The man likes to ride his bicycle in the park (his bicycle, not a motorcycle). 
3. The man likes to ride his bicycle in the park (in the park, not on the street). 
 
The participants were then asked to read aloud two sentences with appropriate 
sentence stress placement. 
 
1. In our previous classes, we have been talking about Chinese history. Now we’ll 
discuss American history. 
2. In our previous classes, we have been talking about Chinese history. Now we’ll 
discuss Chinese culture. 
 
Group 3-cross-MAT 
Participants in Group 3 received crosslinguistic (English and Mandarin) 
metalinguistic awareness-based prosody teaching (cross-MAT). During the intervention, 
participants were given a handout that has English and Mandarin examples and exercises. 
The participants were asked to listen to a pre-recorded lecture about English and 
Mandarin sentence stress given by a native speaker of English and a native speaker of 
Mandarin (see Appendix E). The structure and content of the lecture are identical to the 
lecture for Group 2 except that after the English version of each section, the Mandarin 
version of the illustration and examples was provided. After listening to the lecture, 
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participants were asked to read aloud the sets of sentences that are identical to the ones in 
Group 2 participants’ handout in both English and Mandarin. 
 
Group 4-Control group 
Because the pretest, posttest, and delayed posttest use identical materials, a 
control group measuring the familiarity effect is necessary. Participants in Group 4 
(control group) answered some interview questions about their pronunciation learning 
experience during the intervention (see Appendix F). For example, participants were 
asked what their biggest pronunciation difficulties are. It is highly unlikely that 
answering these questions will affect participants’ prosody production. Furthermore, 
participants would not be aware that they were assigned to the control group, which 
might happen if they were not given any tasks. 
Interview 
At the end of study visit 1, the principal investigator asked the participants some 
questions regarding their pronunciation learning experience, their opinions about the 
interventions they received, and if they think they will apply what they learned to their 
daily communication. At the end of study visit 2, the participants were asked if they 
actually used what they learned in their daily lives. (see Appendix G). 
 
Data analysis 
The data analysis of the current study consists of two parts: human perception and 
speech analysis. In the human perception part, participants' speech samples in the pretest, 
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posttest, and delayed posttest were presented randomly to six raters who are native 
speakers of English. The raters rated participants' perceivability (i.e., how difficult it is to 
perceive sentence stress) and their placement of sentence stress based on two 9-point 
Likert scales. Speech analysis was conducted to analyze prosodic features (i.e., average 
pitch level, pitch range, duration, and intensity) of the stressed constituents in the read-
aloud task of the pretest, posttest, and delayed posttest. The speech analysis software 
Praat (Boersma, 2001) was used to conduct the analysis. 
 
Human Perception  
Six native speakers of English were recruited as the raters of the current study. 
The raters have no prior knowledge of prosody, and each of them went through a one-
hour training session. During the training session, the raters were first given an 
introduction to sentence stress, which points out the characteristics of stressed words and 
associates sentence stress with meanings. The raters then listened to a set of sentences 
with sentence stress correctly placed, misplaced, and missing. Raters’ perception of the 
placement of sentence stress was tested using another set of sentences. After that, the 
raters were asked to complete the read aloud and picture narrative tasks used in the tests 
of the current study. While they were preparing for the tasks, the raters were asked to 
identify the words and phrases that they would stress. Finally, the raters were given 
instructions on the rating of participants’ speech using two 9-point Likert scales and rated 
two randomly selected samples for each task (see Appendix H).  
For the read-aloud task and the picture narrative task, raters first rated the 
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perceivability of the sentence stress individually on a 1-9 Likert scale with "1" being "no 
perceivable sentence stress" and "9" being "clearly perceivable sentence stress." Raters 
then rated the placement of participants' sentence stress individually on a 1-9 Likert scale 
with "1" being "the speaker's use of sentence stress is totally different from a native 
general American English speaker's use of sentence stress" and "9" being “the speaker's 
use of sentence stress is totally the same as a native general American English speaker’s 
use of sentence stress” (see Appendix I). 
 
Speech Analysis 
To confirm the results of the human perception and to identify the basis of human 
perception, participants' speech samples in the read-aloud task were analyzed using the 
speech analysis software Praat (Boersma, 2001). The speech samples in the picture 
narrative task were not analyzed in this section because the picture narrative task elicits 
participants’ spontaneous speech, which is difficult to be compared as participants might 
choose different words when telling the story and might stress different constituents.   
Fourteen words that are contrastive in the read-aloud passage were analyzed. The 
selection of the stressed words was based on information structure (i.e,, contrast) and 
native speakers’ intuition (i.e., six human raters consistently indicated that these words 
are the ones that they would stress when delivering the lecture). The analysis focuses on 
four prosodic features of stressed constituents: average pitch level, pitch range, duration, 
and intensity. 
The analysis of pitch measures the average pitch level and pitch range of the 
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stressed constituents. The average, maximum, and minimum pitch levels of the stressed 
constituents were elicited. Pitch range was measured based on the difference between the 
maximum and the minimum pitch level. Because different speakers may have a different 
baseline and range of fundamental frequency in Hertz (HZ), pitch is analyzed in semitone 
relative to 100HZ, which allows the researcher to make comparisons across participants 
and genders.  
 
Figure 4. Average Pitch Level, Pitch Range and Duration 
 
Native speakers could use low tone targets to convey sentence stress. However, 
Fry (1956) found that a higher syllable is more likely to be perceived as stressed (p. 151). 
Furthermore, Ito, Speer, and Beckman (2004) found that native English speakers 
consistently adopt rising pitch contour (i.e., L+H*) for contrastive stress, which is 
consistent with the findings of the pilot study. Based on these research findings and 
Pickering’s (2001) observation that Mandarin speakers tend to use a flat and monotonic 
pitch pattern, the increase of average pitch level and pitch range of the stressed 
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constituents is considered as an indication of participants’ increased ability to signal 
sentence stress.  
The duration and average intensity of the stressed constituents were also elicited 
using Praat (Boersma, 2001). The duration was measured in milliseconds (ms) and the 
intensity was measured in decibels (dB). 
Statistical Analysis Methods 
R (R Core Team, 2012) and lme4 package (Bates, Maechler, & Bolker, 2012) 
were used to perform a linear mixed-effects analysis of the relationship between the 
rater's rating and the four kinds of intervention. The four types of intervention were 
entered as the fixed effect. Participants’ ID and raters were entered as random effects (see 
Appendix J).  
A linear mixed-effects analysis of the relationship between the prosodic features 
(i.e., average pitch level, pitch range, duration, intensity) and the four kinds of 
intervention was also conducted. The four kinds of intervention were entered as the fixed 
effect. Participants’ ID and selected stressed constituents were entered as random effects 
(see Appendix J).  
The current study also uses a qualitative research method (i.e., interview) to 
investigate learners' pronunciation learning experience, learners' beliefs and attitudes 
toward different kinds of prosody instruction, as well as learners' application of the 
knowledge learned in the intervention. This interview data is analyzed based on questions, 
groups of participants, and themes identified.   
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CHAPTER FOUR RESULTS 
Autobiographical Information of Participants 
The participants of this study are 48 adults recruited at a national university in the 
United States. At the beginning of the study visit, the participants were asked to complete 
an online questionnaire that collects their autobiographical information (see Appendix A). 
This section summarizes the autobiographical information of the participants.  
Age, Gender, Major, and Degree  
The average age of the participants is 26 years old. 60% of the participants are 
female, and 40% of the participants are male. The participants have a variety of majors 
such as TESOL/Applied Linguistics (17%), Education (10%), Computer Science (10%), 
Biology (6%), Physics (6%), Engineering (6%), Project Management (6%), Business 
(6%), and Economics (6%). 
The participants were asked to report the highest degree that they had obtained. 
However, some participants might have reported the degree that they are still pursuing. 
The majority of the participants (56%) were either pursuing or had completed a master’s 
degree. 33% of the participants were either pursuing or had completed a bachelor’s 
degree. 11% of the participants were either pursuing or had completed a doctoral degree. 
L1, L2 and L3  
All participants are native Mandarin speakers and L2 English speakers. They 
come from 18 different provinces in China and speak different dialects such as Hunan 
dialect, Guangxi dialect, Shandong dialect, Wu, Cantonese, and Taiwanese.  
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Twelve participants (25%) reported that they speak a third language (L3) other 
than Mandarin and English. Four participants speak Japanese. Four participants speak 
French. Two participants speak Spanish. One participant speaks Thai. One participant 
speaks German. Except for the Thai speaker, who is an advanced learner of Thai, all 
other speakers who speak a L3 are at the beginner level. 
Standardized Tests Scores 
The participants’ average TOEFL score is 97.06 (IELTS scores were converted 
into equivalent TOEFL scores). A one-way between subject ANOVA was conducted to 
compare the TOEFL score of the participants randomly assigned to the 4 groups: IT, 
mono-MAT, cross-MAT, and control group. Levene’s test indicated equal variances 
across groups (F (3, 44) = 0.4132, p = 0.7443). The analysis shows that there is no 
statistically significant difference among the TOEFL scores of the participants assigned 
to different groups at the alpha = .05 level (F (3, 44) = 0.999, p = 0.402).  
Figure 5. Standardized Tests Scores 
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Participants also reported their TOEFL listening and speaking scores. Based on 
the data collected in the pilot study, most participants were unable to remember the exact 
scores they achieved in the TOEFL speaking and listening sections. Thus, the participants 
were asked to select among different ranges of scores, which correspond to different 
speaking and listening proficiency. IELTS scores were converted to equivalent TOEFL 
scores.  
          Forty participants (83%) reported that their TOEFL speaking scores are between 18 
and 25, which is considered "fair". Three participants (6%) scored between 26 to 30, 
which is considered "good". Five participants (11%) scored between 10-17, which is 
considered "limited."  
Figure 6. Contingency Table for Standardized Tests Speaking Scores 
 10-17 18-25 26-30 
Group 1 1 9 2 
Group 2 1 11 0 
Group 3 1 10 1 
Group 4 0 10 2 
 
Pearson’s chi-squared test is conducted to compare TOEFL speaking scores 
across groups. The results show that there is no statistically significant difference across 
the four intervention groups (χ2 (6, N = 48) = 3.4, p = 0.7572). 
Similarly, the participants reported their TOEFL listening scores based on 
different ranges. Thirty-seven participants (77%) reported that their TOEFL listening 
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scores are between 22 and 30, which is considered “high”. Eleven participants (23%) 
scored between 15 and 21, which is considered “intermediate”.  
Figure 7. Contingency Table for Standardized Tests Listening Scores 
 15-21 22-30 
Group 1 2 10 
Group 2 4 8 
Group 3 1 11 
Group 4 4 8 
 
Pearson’s chi-squared test is conducted to compare TOEFL listening scores across 
the four intervention groups. The results show that there is no statistically significant 
difference across the four intervention groups (χ2 (3, N = 48) = 3.1843, p = 0.3641). 
Length of English Learning, Residency, and Proportion of English Used  
All participants learned English for over 10 years. A one-way between subject 
ANOVA was conducted to compare the English learning time of the participants 
randomly assigned to the 4 groups: IT, mono-MAT, cross-MAT, and control group. 
Levene’s test indicated equal variances across groups (F (3, 44) = 0.3563, p = 0.7848). 
The result shows that there is no statistically significant difference among the English 
learning time of the participants assigned to different groups at the alpha = .05 level (F (3, 
44)=2.023, p=0.125).  
 
 
  
51 
Figure 8. Length of English Learning  
 
All participants resided in the US for at least one year. The majority (54%) of the 
participants’ length of residency in the US is between one and three years. 31% of the 
participants stayed in the US between three and five years. 15% of the participants stayed 
in the US for over five years.  
A one-way between-subject ANOVA was conducted to compare the length of 
residency of the participants randomly assigned to the 4 groups: IT, mono-MAT, cross-
MAT, and control group. Levene’s test indicate equal variances across groups (F (3, 44) 
= 0.6161, p = 0.6083). The result shows that there is no statistically significant difference 
among the length of residency of the participants assigned to different groups at the 
alpha=.05 level (F (3, 44) = 2.414, p = 0.0793).  
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Figure 9. Length of Residency in English-Speaking Countries 
 
Regarding the proportion of English that participants used in their daily lives, 
eleven participants (23%) reported that they used English for 0-20% each day as opposed 
to their first language. Nineteen participants (40%) reported that they used English for 
20%-40% each day as opposed to their first language. Thirteen participants (27%) 
reported that they used English for 40% -60% each day as opposed to their first language. 
Four participants (8%) used English for 60%-80% each day as opposed to their first 
language. One participant (2%) used English for 80%-100% each day as opposed to her 
first language.  
Figure 10. Contingency Table for Proportion of English Used 
 0-20% 20%-40% 40%-60% 60%-80% 80%-100% 
Group 1 3 5 2 1 1 
Group 2 4 5 3 0 0 
Group 3 1 4 5 2 0 
Group 4 3 5 3 1 0 
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Pearson’s chi-squared test is conducted to compare the proportion of English that 
participants used in their daily lives across the four intervention groups. The results show 
that there is no statistically significant difference across the four intervention groups (χ2 
(12, N = 48) = 8.3467, p = 0.7575).  
To conclude, participants reported their TOEFL/IELTS scores, TOEFL/IELTS 
speaking scores, TOEFL/IELTS listening scores, length of English learning, length of 
residency in an English-speaking country, and the proportion of English they used in their 
daily lives. Statistical analyses showed that there are no significant differences across the 
four randomly assigned groups regarding the factors discussed above. However, the data 
collected in this section were self-reported by the participants and the accuracy of the 
information reported was not verified. 
Human Perception 
Six native speakers of English were recruited as the raters of this study. The raters 
are native raters recruited from a national university in the United States. Before they 
started rating the speech samples, each of them received a one-hour individual training 
session with speech examples. 
          Each rater rated 288 speech samples individually (48 participants completed 2 
tasks in 3 tests). The speech samples were randomized and presented to the raters without 
any information related to the participants or tests.  
          For each of the speech samples, raters rated two features based on two guiding 
questions on two 9-point Likert scales. The first question is: “how perceivable is the 
speaker’s sentence stress?” “1” means that there is no perceivable sentence stress and “9” 
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means that there is clearly perceivable sentence stress. The second question is: “how 
different is the speaker’s use of sentence stress from a native general American English 
speaker’s use of sentence stress? “1” means that the speakers’ use of sentence stress is 
totally different from the native speakers’ use of sentence stress and “9” means that the 
speakers’ use of sentence stress is totally the same as the native speakers’ use of sentence 
stress. Raters rated each speech sample using a rating sheet (see Appendix I) and 
submitted a compiled rating sheet to the researcher. 
          In the following analysis, the first guiding question is referred to as the 
“perceivability” of sentence stress in participants’ speech and the second guiding 
question is referred to as the “placement” of sentence stress in participants’ speech. For 
the analysis of perceivability and placement, the average score given by the raters is 
analyzed first, followed by a statistical analysis of the score based on the linear mixed-
effects model with tests as the fixed effect, and a statistical analysis of the score based on 
the linear mixed-effects model with time (i.e., days from pretest) as the fixed effect. The 
linear mixed-effects model with tests as the fixed effect assumes that the interval between 
the pretest and posttest equals to the interval between the posttest and delayed posttest. 
The linear mixed-effects model with time as the fixed effect uses different intervals 
between tests. The interval between the pretest and posttest is 0.02 (i.e., the posttest is 
conducted approximately half an hour after the pretest). The interval between the posttest 
and delayed posttest is 14 (i.e., the delayed posttest is conducted approximately 14 days 
after the pretest). The mixed-effects models were running for each group as its own 
analysis. Pairwise comparison has been made using the R package lsmeans (Lenth, 2016) 
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with Tukey adjustment. 
 The inter-rater reliability is measured using Cronbach’s alpha. The Cronbach’s 
alpha obtained were 0.849 for read aloud stress perceivability, 0.825 for read aloud stress 
placement, 0.769 for picture narrative stress perceivability, and 0.711 for picture 
narrative stress placement. 
 
Read Aloud Perceivability 
          The average perceivability of sentence stress in the read aloud task of all 4 groups 
increased in the posttest and then decreased in the delayed posttest. Group 3  
(cross-MAT) has the greatest increase, followed by Group 2 (mono-MAT), Group 1 (IT), 
and then Group 4 (control group). 
 
Figure 11. Read Aloud Perceivability Average Scores  
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Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and raters as the random effects. 
The results show that, in the pretest, there are no significant differences across groups, 
suggesting that participants’ sentence stress perceivability in the read aloud task was 
similar.  
In the posttest, there is no significant difference between Group 1 (IT) and Group 
4 (control group). Both Group 2 (mono-MAT) and Group 3 (cross-MAT)’s scores are 
higher than Group 1 (IT) and Group 4 (control group). Group 3 (cross-MAT)’s score is 
higher than Group 2 (mono-MAT)’s score.  
In the delayed posttest, Group 1 (IT), Group 2 (mono-MAT) and Group 3 (cross-
MAT)’s scores are higher than Group 4 (control group). There is no significant difference 
between Group 2 (mono-MAT) and Group 1 (IT)’s scores. Group 3 (cross-MAT)’s score 
is higher than both Group 2 (mono-MAT) and Group 1 (IT)’s scores. The results are 
reported in Figure 12. 
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Figure 12. Pairwise Comparison of Read Aloud Perceivability 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.125 0.3676552 270.81 -0.34 0.9864 
G1-G3 -0.4027778 0.3676552 270.81 -1.096 0.6926 
G1-G4 0.4305556 0.3676552 270.81 1.171 0.6456 
G2-G3 -0.2777778 0.3676552 270.81 -0.756 0.8742 
G2-G4 0.5555556 0.3676552 270.81 1.511 0.4323 
G3-G4 0.8333333 0.3676552 270.81 2.267 0.1085 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -1 0.3066992 270.92 -3.261 0.0068* 
G1-G3 -2.2916667 0.3066992 270.92 -7.472 <.0001*** 
G1-G4 0.5555556 0.3066992 270.92 1.811 0.2702 
G2-G3 -1.2916667 0.3066992 270.92 -4.212 0.0002** 
G2-G4 1.5555556 0.3066992 270.92 5.072 <.0001*** 
G3-G4 2.8472222 0.3066992 270.92 9.283 <.0001*** 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.4444444 0.3526833 270.84 -1.26 0.5891 
G1-G3 -1.8611111 0.3526833 270.84 -5.277 <.0001*** 
G1-G4 0.9861111 0.3526833 270.84 2.796 0.0282* 
G2-G3 -1.4166667 0.3526833 270.84 -4.017 0.0004** 
G2-G4 1.4305556 0.3526833 270.84 4.056 0.0004** 
G3-G4 2.8472222 0.3526833 270.84 8.073 <.0001*** 
 
Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with tests as the fixed effect, and participants’ ID and 
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raters as the random effects.  
The results show that there is a statistically significant difference between the 
pretest and posttest scores of Group 1 (IT) at the alpha = .05 level (estimate = -0.72, SE = 
0.3, t = -2.425, d.f. = 198.92, p = 0.0427). However, there is no significant difference 
between the posttest and delayed posttest scores of Group 1 (IT) at the alpha =.05 level 
(estimate = - 0.75, SE = 0.3, t = -0.093, d.f. = 198.92, p = 0.9952). These results suggest 
that Group 1 (IT) participants’ sentence stress perceivability in the read aloud task 
increased after the intervention and remained at the same level after 14 days.  
There is a statistically significant difference between the pretest and posttest 
scores of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -1.6, SE = 0.3, t = - 
5.246, d.f. = 198.92, p < 0.0001). However, there is no significant difference between the 
posttest and delayed posttest scores of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.53, SE = 0.3, t = 1.733, d.f. = 198.92, p = 0.1954). These results suggest 
that Group 2 (mono-MAT) participants’ sentence stress perceivability in the read aloud 
task increased after the intervention and remained at the same level after 14 days. 
There is a statistically significant difference between the pretest and posttest 
scores of Group 3 (cross-MAT) at the alpha = .05 level (estimate = -2.61, SE = 0.29, t = - 
9.074, d.f. = 198.84, p < 0.0001). However, there is no significant difference between the 
posttest and delayed posttest scores of Group 3 (cross-MAT) at the alpha =.05 level 
(estimate = 0.4, SE = 0.29, t = 1.396, d.f. = 198.84, p = 0.3451). These results suggest 
that Group 3 (cross-MAT) participants’ sentence stress perceivability in the read aloud 
task increased after the intervention and remained at the same level after 14 days. 
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There is no statistically significant difference between the pretest and posttest 
scores of Group 4 (control group) at the alpha = .05 level (estimate = -0.6, SE = 0.32, t = 
-1.869, d.f. = 198.89, p = 0.1504). There is also no significant difference between the 
posttest and delayed posttest scores of Group 4 (control group) at the alpha =.05 level 
(estimate = 0.4, SE = 0.32, t = 1.261, d.f. = 198.89, p = 0.4192). These results suggest 
that Group 4 (control group) participants’ sentence stress perceivability remained at the 
same level in all tests. 
 
Figure 13. Read Aloud Perceivability Across Tests (lme Model) 
 
Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with days from pretest as the fixed effect, and 
participants’ ID and raters as the random effects. The results show that there is no 
statistically significant difference across time of Group 1 (IT) at the alpha=.05 level 
(estimate = 0.03, SE = 0.02, t = 1.489, d.f. = 198.92, p = 0.138). There is no statistically 
  
60 
significant difference across time of Group 2 (mono-MAT) at the alpha=.05 level 
(estimate = 0.02, SE = 0.02, t = 0.969, d.f. = 198.90, p = 0.334). There is a statistically 
significant difference across time of Group 3 (cross-MAT) at the alpha=.05 level 
(estimate = 0.06, SE = 0.02, t = 3.05, d.f. = 198.76, p = 0.0026). There is no statistically 
significant difference across time of Group 4 (control group) at the alpha=.05 level 
(estimate = -0.01, SE = 0.02, t = -0.371, d.f. = 198.89, p = 0.711). These results suggest 
that across time, only Group 3 (cross-MAT) participants’ sentence stress perceivability in 
the read aloud task has statistically significant improvement. 
 
Figure 14. Read Aloud Perceivability Across Time (lme Model) 
 
 To conclude, for the sentence stress perceivability in the read aloud task, all four 
groups started at approximately the same level. After the intervention, Group 1(IT), 
Group 2 (mono-MAT), and Group 3 (cross-MAT)’s scores increased while Group 4 
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(control group)’s score remained the same. The scores of all groups did not change 
significantly after 14 days. Among the three groups that has increased sentence stress 
perceivability, Group 3 (cross-MAT) has the biggest improvement, followed by Group 2 
(mono-MAT), which has a bigger improvement compared to Group 1(IT). If we take the 
differences of time between tests into consideration, only Group 3 (cross-MAT) has 
improvement. 
Read Aloud Placement 
The average placement of sentence stress of Group 1 (IT), Group 2 (mono-MAT), 
and 3 (cross-MAT) increased after the intervention and then decreased in the delayed 
posttest. The average placement of sentence stress of Group 4 (control group) increased 
in the posttest and delayed posttest. Group 3 (cross-MAT) has the greatest increase, 
followed by Group 2 (mono-MAT), Group 1 (IT), and then Group 4 (control group). 
 
Figure 15. Read Aloud Placement Average Scores  
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Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and raters as the random effects. 
The results show that, in the pretest, there are no significant differences across groups, 
suggesting that participants’ sentence stress placement in the read aloud task was similar.  
In the posttest, Group 1 (IT), Group 2 (mono-MAT) and Group 3 (cross-MAT)’s 
scores are higher than Group 4 (control group). There is no significant difference between 
Group 1 (IT) and Group 2 (mono-MAT)’s scores. Group 3 (cross-MAT)’s score is higher 
than Group 1 (IT) and Group 2 (mono-MAT)’s scores.  
In the delayed posttest, there is no statistically significant difference among Group 
1 (IT), Group 2 (mono-MAT) and Group 4 (control group)’s scores. Group 3 (cross-
MAT)’s score is statistically significantly higher than the other three groups. The results 
are reported in Figure 16. 
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Figure 16. Pairwise Comparison of Read Aloud Placement 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 0.3194444 0.3426778 270.87 0.932 0.7876 
G1-G3 -0.125 0.3426778 270.87 -0.365 0.9834 
G1-G4 0.5555556 0.3426778 270.87 1.621 0.3684 
G2-G3 -0.4444444 0.3426778 270.87 -1.297 0.5656 
G2-G4 0.2361111 0.3426778 270.87 0.689 0.9012 
G3-G4 0.6805556 0.3426778 270.87 1.986 0.1958 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.1805556 0.3017273 270.93 -0.598 0.9325 
G1-G3 -2.0833333 0.3017273 270.93 -6.905 <.0001*** 
G1-G4 1.1805556 0.3017273 270.93 3.913 0.0007** 
G2-G3 -1.9027778 0.3017273 270.93 -6.306 <.0001*** 
G2-G4 1.3611111 0.3017273 270.93 4.511 0.0001*** 
G3-G4 3.2638889 0.3017273 270.93 10.817 <.0001*** 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.0555556 0.3519141 270.89 -0.158 0.9986 
G1-G3 -1.5555556 0.3519141 270.89 -4.42 0.0001*** 
G1-G4 0.59722222 0.3519141 270.89 1.697 0.3272 
G2-G3 -1.5 0.3519141 270.89 -4.262 0.0002** 
G2-G4 0.65277778 0.3519141 270.89 1.855 0.2502 
G3-G4 2.15277778 0.3519141 270.89 6.117 <.0001*** 
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Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with tests as the fixed effect, and participants’ ID and 
raters as the random effects.  
The results show that there is a statistically significant difference between the 
pretest and posttest scores of Group 1 (IT) at the alpha = .05 level (estimate = -0.74, SE = 
0.28, t = -2.592, d.f. = 198.94, p = 0.0276). However, there is no significant difference 
between the posttest and delayed posttest scores of Group 1 (IT) at the alpha =.05 level 
(estimate = 0.16, SE = 0.28, t = 0.538, d.f. = 198.94, p = 0.8527). These results suggest 
that Group 1 (IT) participants’ sentence stress placement in the read aloud task increased 
after the intervention and remained at about the same level after 14 days.  
There is a statistically significant difference between the pretest and posttest 
scores of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -1.24, SE = 0.29, t = -
4.216, d.f. = 198.93, p < 0.0001). However, there is no significant difference between the 
posttest and delayed posttest scores of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.28, SE = 0.29, t = 0.947, d.f. = 198.93, p = 0.6109). These results suggest 
that Group 2 (mono-MAT) participants’ sentence stress placement in the read aloud task 
increased after the intervention and remained at about the same level after 14 days. 
There is a statistically significant difference between the pretest and posttest 
scores of Group 3 (cross-MAT) participants at the alpha = .05 level (estimate = -2.69, SE 
= 0.3, t = -8.975, d.f. = 198.91, p < 0.0001). There is no statistically significant difference 
between the posttest and delayed posttest scores of Group 3 (cross-MAT) participants at 
the alpha = .05 level (estimate = 0.68, SE = 0.3, t = 2.267, d.f. = 198.91, p = 0.0629). 
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These results suggest that Group 3 (cross-MAT) participants’ sentence stress placement 
in the read aloud task increased after the intervention and remained at about the same 
level after 14 days.  
There is no statistically significant difference between the pretest and posttest 
scores of Group 4 (control group) at the alpha = .05 level (estimate = -0.11, SE = 0.29, t = 
-0.377, d.f. = 198.89, p = 0.9246). There is also no significant difference between the 
posttest and delayed posttest scores of Group 4 (control group) at the alpha =.05 level 
(estimate = -0.43, SE = 0.29, t = -1.462, d.f. = 198.89, p = 0.3115). These results suggest 
that Group 4 (control group) participants’ sentence stress placement remained at the same 
level for all three tests. 
 
Figure 17. Read Aloud Placement Scores Across Tests (lme Model) 
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Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with days from pretest as the fixed effect, and 
participants’ ID and raters as the random effects. The results show that there is no 
statistically significant difference across time of Group 1 (IT) at the alpha =.05 level 
(estimate = 0.02, SE = 0.02, t = 0.864, d.f. = 198.94, p = 0.389). There is no statistically 
significant difference across time of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.02, SE = 0.02, t = 1.289, d.f. = 198.92, p = 0.199). There is a statistically 
significant difference across time of Group 3 (cross-MAT) at the alpha =.05 level 
(estimate = 0.05, SE = 0.02, t = 2.173, d.f. = 198.88, p = 0.031). There is no statistically 
significant difference across time of Group 4 (control group) at the alpha =.05 level 
(estimate = 0.03, SE = 0.02, t = 1.906, d.f. = 198.89, p = 0.0581). 
 
Figure 18. Read Aloud Placement Scores Across Time (lme Model) 
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To conclude, for the sentence stress placement in the read aloud task, all four 
groups started at approximately the same level. After the intervention, Group 1(IT), 
Group 2 (mono-MAT), and Group 3 (cross-MAT)’s scores increased while Group 4 
(control group)’s score remained the same. The scores of all groups did not change 
significantly after 14 days. Among the three groups that has increased sentence stress 
placement, Group 3 (cross-MAT) has the biggest improvement, followed by Group 2 
(mono-MAT), which has a bigger improvement compared to Group 1(IT). If we take the 
differences of time between tests into consideration, only Group 3 (cross-MAT) has 
improvement.   
Picture Narrative Perceivability 
In the picture narrative task, the average perceivability of sentence stress of Group 
1 (IT) decreased after the intervention and then increased in the delayed posttest. The 
average perceivability of sentence stress of Group 2 (mono-MAT) increased after the 
intervention and then decreased in the delayed posttest. The average perceivability of 
sentence stress of Group 3 (cross-MAT) increased after the intervention and then further 
increased at a lower rate between the posttest and the delayed posttest. The average 
perceivability of sentence stress of Group 4 (control group) decreased in the posttest and 
the delayed posttest.  
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Figure 19. Picture Narrative Perceivability Average Scores  
 
Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and raters as the random effects. 
The results show that, in the pretest, there are no significant differences across groups, 
suggesting that participants’ sentence stress perceivability in the picture narrative task 
was similar.  
In the posttest, Group 2 (mono-MAT) and Group 3 (cross-MAT)’s scores are 
higher than Group 4 (control group). Group 3 (cross-MAT)’s score is higher than Group 
1 (IT) and Group 2 (mono-MAT)’s scores. There is no significant difference between 
Group 1 (IT) and Group 4 (control group)’s scores.  
In the delayed posttest, Group 1 (IT), Group 2 (mono-MAT) and Group 3 (cross-
MAT)’s scores are higher than Group 4 (control group)’s scores. There is no significant 
difference between Group 1 (IT) and Group 2 (mono-MAT)’s scores. Group 3 (cross-
MAT)’s score is significantly higher than the other three groups. The results are reported 
in Figure 20. 
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Figure 20. Pairwise Comparison of Picture Narrative Perceivability 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.125 0.3780812 270.31 -0.331 0.9875 
G1-G3 0.22222222 0.3780812 270.31 0.588 0.9357 
G1-G4 0.30555556 0.3780812 270.31 0.808 0.8506 
G2-G3 0.34722222 0.3780812 270.31 0.918 0.7951 
G2-G4 0.43055556 0.3780812 270.31 1.139 0.6658 
G3-G4 0.08333333 0.3780812 270.31 0.22 0.9962 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.7083333 0.3868713 270.33 -1.831 0.2611 
G1-G3 -1.9027778 0.3868713 270.33 -4.918 <.0001*** 
G1-G4 0.4305556 0.3868713 270.33 1.113 0.6819 
G2-G3 -1.1944444 0.3868713 270.33 -3.087 0.0119* 
G2-G4 1.1388889 0.3868713 270.33 2.944 0.0184* 
G3-G4 2.3333333 0.3868713 270.33 6.031 <.0001*** 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 0.1805556 0.370215 270.59 0.488 0.9618 
G1-G3 -1.7222222 0.370215 270.59 -4.652 <.0001*** 
G1-G4 1.2222222 0.370215 270.59 3.301 0.006* 
G2-G3 -1.9027778 0.370215 270.59 -5.14 <.0001*** 
G2-G4 1.0416667 0.370215 270.59 2.814 0.0268* 
G3-G4 2.9444444 0.370215 270.59 7.953 <.0001*** 
 
Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with tests as the fixed effect, and participants’ ID and 
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raters as the random effects.  
The results show that there is no statistically significant difference between the 
pretest and posttest scores of Group 1 (IT) at the alpha = .05 level (estimate = 0.22, SE = 
0.28, t = 0.787, d.f. = 198.92, p = 0.7115). There is also no significant difference between 
the posttest and delayed posttest scores of Group 1 (IT) at the alpha =.05 level (estimate = 
-0.4, SE = 0.28, t = -1.426, d.f. = 198.92, p = 0.3294). These results suggest that Group 1 
(IT) participants’ sentence stress perceivability in the picture narrative task remained at 
about the same level both right after the intervention and after 14 days.  
There is no statistically significant difference between the pretest and posttest 
scores of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -0.36, SE = 0.37, t = -
0.971, d.f. = 198.71, p = 0.5958). There is also no significant difference between the 
posttest and delayed posttest scores of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.49, SE = 0.37, t = 1.308, d.f. = 198.71, p = 0.3926). These results suggest 
that Group 2 (mono-MAT) participants’ sentence stress perceivability in the picture 
narrative task remained at about the same level right after the intervention and after 14 
days. 
There is a statistically significant difference between the pretest and posttest 
scores of Group 3 (cross-MAT) at the alpha = .05 level (estimate = -1.9, SE = 0.33, t = -
5.681, d.f. = 198.83, p < 0.0001). There is no statistically significant difference between 
the posttest and delayed posttest scores of Group 3 (cross-MAT) at the alpha = .05 level 
(t = estimate = -0.22, SE = 0.33, t = -0.664, d.f. = 198.83, p = 0.7849). These results 
suggest that Group 3 (cross-MAT) participants’ sentence stress perceivability in the 
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picture narrative task increased after the intervention and remained at about the same 
level after 14 days.  
There is no statistically significant difference between the pretest and posttest 
scores of Group 4 (control group) at the alpha = .05 level (estimate = 0.35, SE = 0.31, t = 
1.131, d.f. = 204, p = 0.4963). There is also no significant difference between the posttest 
and delayed posttest scores of Group 4 (control group) participants at the alpha =.05 level 
(estimate = 0.39, SE = 0.31, t = 1.266, d.f. = 204, p = 0.4159). However, compared to the 
pretest, the delayed posttest score of Group 4 (control group) significantly decreased 
(estimate = 0.74, SE = 0.31, t = 2.397, d.f. = 204, p = 0.0457). These results suggest that 
Group 4 (control group) participants’ sentence stress perceivability in the picture 
narrative task decreased. 
 
Figure 21. Picture Narrative Perceivability Scores Across Tests (lme Model) 
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Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with days from pretest as the fixed effect, and 
participants’ ID and raters as the random effects. The results show that there is no 
statistically significant difference across time of Group 1 (IT) at the alpha = .05 level 
(estimate = 0.02, SE = 0.02, t = 1.19, d.f. = 198.92, p = 0.236). There is no statistically 
significant difference across time of Group 2 (mono-MAT) at the alpha = .05 level 
(estimate = -0.02, SE = 0.02, t = -0.946, d.f. = 198.71, p = 0.345). There is a statistically 
significant difference across time of Group 3 (cross-MAT) at the alpha = .05 level 
(estimate = 0.08, SE = 0.02, t = 3.76, d.f. = 198.80, p = 0.0002). There is a statistically 
significant difference across time of Group 4 (control group) (estimate = -0.04, SE = 0.02, 
t = -2.11, d.f. = 204, p = 0.0361). 
 
Figure 22. Picture Narrative Perceivability Scores Across Time (lme Model) 
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To conclude, for the sentence stress perceivability in the picture narrative task, all 
four groups started at approximately the same level. After the intervention, Group 3 
(cross-MAT)’s scores increased while Group 1 (IT) and Group 2 (mono-MAT) remained 
at about the same level. Group 4 (control group)’s score decreased. The scores of the 
three groups that received prosody teaching did not change significantly after 14 days. 
However, Group 4 (control group)’s score further decreased. If we take the differences of 
time between tests into consideration, only Group 3 (cross-MAT) has significant 
improvement.   
Picture Narrative Placement 
The average placement of sentence stress of Group 1 (IT) remained at almost the 
same level after the intervention and then increased in the delayed posttest. The average 
placement of sentence stress of Group 2 (mono-MAT) slightly increased after the 
intervention and then decreased in the delayed posttest. The average placement of 
sentence stress of Group 3 (cross-MAT) increased after the intervention and then further 
increased at a lower rate between the posttest and the delayed posttest. The average 
placement of sentence stress of Group 4 (control group) slightly increased in the posttest 
and decreased in the delayed posttest. 
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Figure 23. Picture Narrative Placement Average Scores  
 
Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and raters as the random effects. 
The results show that, in the pretest, there are no significant differences across groups, 
suggesting that participants’ sentence stress placement in the picture narrative task was 
similar.  
In the posttest, Group 3 (cross-MAT)’s score is significantly higher than Group 
1(IT) and Group 4 (control group)’s scores. There is no significant difference between 
Group 1 (IT), Group 2 (mono-MAT) and Group 4 (control group)’s scores.  
In the delayed posttest, Group 3 (cross-MAT)’s score is significantly higher than 
Group 1 (IT), Group 2 (mono-MAT) and Group 4 (control group)’s scores. Group 1 
(IT)’s score is significantly higher than Group 4 (control group)’s scores. There is also no 
significant difference between Group 2 (mono-MAT) and Group 4 (control group)’s 
scores. The results are reported in Figure 24. 
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Figure 24. Pairwise Comparison of Picture Narrative Placement 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.0277778 0.3107807 270.8 -0.089 0.9997 
G1-G3 0.22222222 0.3107807 270.8 0.715 0.8911 
G1-G4 0.31944444 0.3107807 270.8 1.028 0.7333 
G2-G3 0.25 0.3107807 270.8 0.804 0.8523 
G2-G4 0.34722222 0.3107807 270.8 1.117 0.6792 
G3-G4 0.09722222 0.3107807 270.8 0.313 0.9894 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.1111111 0.3344445 270.74 -0.332 0.9873 
G1-G3 -0.9444444 0.3344445 270.74 -2.824 0.0261* 
G1-G4 0.3055556 0.3344445 270.74 0.914 0.7976 
G2-G3 -0.8333333 0.3344445 270.74 -2.492 0.0635 
G2-G4 0.4166667 0.3344445 270.74 1.246 0.5982 
G3-G4 1.25 0.3344445 270.74 3.738 0.0013* 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 0.8055556 0.3284443 270.86 2.453 0.0699 
G1-G3 -0.8611111 0.3284443 270.86 -2.622 0.0454* 
G1-G4 1.1388889 0.3284443 270.86 3.468 0.0034* 
G2-G3 -1.6666667 0.3284443 270.86 -5.074 <.0001*** 
G2-G4 0.3333333 0.3284443 270.86 1.015 0.7409 
G3-G4 2 0.3284443 270.86 6.089 <.0001*** 
 
Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with tests as the fixed effect, and participants’ ID and 
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raters as the random effects.  
The results show that there is no statistically significant difference between the 
pretest and posttest scores of Group 1 (IT) at the alpha = .05 level (estimate = -0.01, SE = 
0.28, t = -0.049, d.f. = 198.93, p = 0.9987). There is also no significant difference 
between the posttest and delayed posttest scores of Group 1 (IT) at the alpha =.05 level 
(estimate = -0.53, SE = 0.28, t = -1.869, d.f. = 198.93, p = 0.1504). These results suggest 
that Group 1 (IT) participants’ sentence stress placement in the picture narrative task 
remained at about the same level both right after the intervention and after 14 days.  
There is no statistically significant difference between the pretest and posttest 
scores of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -0.1, SE = 0.28, t = -
0.35, d.f. = 198.87, p = 0.9347). There is also no significant difference between the 
posttest and delayed posttest scores of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.39, SE = 0.28, t = 1.40, d.f. = 198.87, p = 0.3427). These results suggest 
that Group 2 (mono-MAT) participants’ sentence stress placement in the picture narrative 
task remained at about the same level right after the intervention and after 14 days. 
There is a statistically significant difference between the pretest and posttest 
scores of Group 3 (cross-MAT) at the alpha = .05 level (estimate = -1.18, SE = 0.31, t = -
3.828, d.f. = 198.87, p = 0.0005). There is no statistically significant difference between 
the posttest and delayed posttest scores of Group 3 (cross-MAT) at the alpha = .05 level 
(estimate = -0.4, SE = 0.31, t = -1.441, d.f. = 198.87, p = 0.3219). These results suggest 
that Group 3 (cross-MAT) participants’ sentence stress placement in the picture narrative 
task increased after the intervention and remained at about the same level after 14 days.  
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There is no statistically significant difference between the pretest and posttest 
scores of Group 4 (control group) at the alpha = .05 level (estimate = -0.03, SE = 0.28, t = 
-0.1, d.f. = 198.72, p = 0.9945). There is also no significant difference between the 
posttest and delayed posttest scores of Group 4 (control group) at the alpha =.05 level 
(estimate = 0.3, SE = 0.28, t = 1.097, d.f. = 198.72, p = 0.5168). These results suggest 
that Group 4 (control group) participants’ sentence stress placement in the picture 
narrative task remained at the same level for all three tests. 
 
Figure 25. Picture Narrative Placement Scores Across Tests (lme model) 
 
Participants’ scores in the pretest, posttest, and delayed posttest are analyzed 
using a linear mixed-effects model with days from pretest as the fixed effect, and 
participants’ ID and raters as the random effects. The results show that there is 
statistically significant difference across time of Group 1 (IT) at the alpha = .05 level 
(estimate = 0.04, SE = 0.02, t = 2.187, d.f. = 198.93, p = 0.0299). There is no statistically 
  
78 
significant difference across time of Group 2 (mono-MAT) at the alpha = .05 level 
(estimate = -0.02, SE = 0.02, t = -1.414, d.f. = 198.87, p = 0.159). There is a statistically 
significant difference across time of Group 3 (cross-MAT) at the alpha = .05 level 
(estimate = 0.07, SE = 0.02, t = 3.743, d.f. = 198.86, p = 0.0002). There is no statistically 
significant difference across time of Group 4 (control group) at the alpha = .05 level 
(estimate = -0.02, SE = 0.02, t = -1.209, d.f. = 198.72, p = 0.228). 
 
Figure 26. Picture Narrative Placement Scores Across Time (lme model) 
 
To conclude, for the sentence stress placement in the picture narrative task, all 
four groups started at approximately the same level. After the intervention, Group 3 
(cross-MAT)’s scores increased while Group 1 (IT), Group 2 (mono-MAT) and Group 4 
(control group)’s score remained the same. The scores of all groups did not change 
significantly after 14 days. If we take the differences of time between tests into 
consideration, Group 1 (IT) and Group 3 (cross-MAT) have significant improvement.   
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Speech Analysis 
To further investigate the speech features that affect human perception, speech 
analysis is conducted to investigate three prosodic features: pitch, duration, and intensity 
of the read-aloud task.  
          The speech analysis focuses on fourteen stressed constituents in the read-aloud. 
The selection of the stressed constituents is based on information structure (i.e., contrast) 
and native speakers’ intuition (i.e., six raters consistently indicated that these constituents 
should be stressed). The stressed constituents analyzed are: "individualism", "personal-1", 
"group-1", "collectivism", "group-2", "personal-2", "co-workers", "longer", "you", 
"shorter", "collectivist", "give in", "individualist", "go against". For each of these 
words/phrases, average pitch level, pitch range, duration, and intensity were elicited 
using the speech analysis software Praat (Boersma, 2001) and analyzed using R package 
lme4 (Bates, Mächler, Bolker, & Walker, 2015). Pairwise comparison has been made 
using the R package lsmeans (Lenth, 2016) with Tukey adjustment. 
          Because the picture narrative task elicits participants' spontaneous speech 
production, the words that participants stressed are different even in different tests of the 
same participant. Due to this reason, the speech samples analyzed in the speech analysis 
session are only from the read-aloud task, which has a consistent structure that allows 
comparison across participants and tests. 
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Average Pitch Level 
          The average pitch level of Group 1 (IT), Group 2 (mono-MAT), and Group 3 
(cross-MAT), and Group 4 increased in the posttest and the delayed posttest. Except for 
Group 1 (IT), which remained at about the same level in the delayed posttest, the average 
pitch level of the other three groups decreased in the delayed posttest. 
 
Figure 27. Average Pitch Level in the Read Aloud Task 
 
Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and the selected stressed 
constituents as the random effects. The results show that, in the pretest, there is no 
significant difference between Group 1(IT) and Group 2(mono-MAT). There is also no 
significant difference between Group 3 (cross-MAT) and Group 4 (control group). 
However, the pitch level of Group 1(IT) and Group 2 (mono-MAT) is significantly 
higher than that of Group 3 (cross-MAT) and Group 4 (control group).  
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In the posttest, Group 1(IT), Group 2 (mono-MAT) and Group 3 (cross-MAT)’s 
average pitch levels are significantly higher than Group 4 (control group)’s average pitch 
level. There is no significant difference between Group 1 (IT), Group 2 (mono-MAT) and 
Group 3 (cross-MAT)’s scores. Because Group 3 (cross-MAT)’s average pitch level was 
significantly lower than that of Group 1 (IT) and Group 2 (mono-MAT) in the pretest, the 
results of the posttest analysis suggest an increase of Group 3(cross-MAT)’s average 
pitch level. 
Similar to the posttest, in the delayed posttest, Group 1(IT), Group 2 (mono-MAT) 
and Group 3 (cross-MAT)’s average pitch levels are significantly higher than Group 4 
(control group)’s average pitch level. There is no significant difference between Group 1 
(IT), Group 2 (mono-MAT) and Group 3 (cross-MAT)’s scores. The results are reported 
in Figure 28. 
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Figure 28. Pairwise Comparison of Average Pitch Level 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 0.05769086 0.4832578 660 0.119 0.9994 
G1-G3 1.41608205 0.4832578 660 2.93 0.0184* 
G1-G4 2.00881137 0.4832578 660 4.157 0.0002** 
G2-G3 1.35839119 0.4832578 660 2.811 0.0261* 
G2-G4 1.95112052 0.4832578 660 4.037 0.0004** 
G3-G4 0.59272932 0.4832578 660 1.227 0.6102 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.5283082 0.4725873 646.85 -1.118 0.6786 
G1-G3 0.1915962 0.4725873 646.85 0.405 0.9775 
G1-G4 1.9042749 0.4725873 646.85 4.029 0.0004** 
G2-G3 0.7199044 0.4725873 646.85 1.523 0.4241 
G2-G4 2.4325831 0.4725873 646.85 5.147 <.0001*** 
G3-G4 1.7126787 0.4725873 646.85 3.624 0.0018* 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.4384957 0.4795944 646.87 -0.914 0.7972 
G1-G3 0.5094849 0.4795944 646.87 1.062 0.7126 
G1-G4 2.2852547 0.4795944 646.87 4.765 <.0001*** 
G2-G3 0.9479806 0.4795944 646.87 1.977 0.1979 
G2-G4 2.7237505 0.4795944 646.87 5.679 <.0001*** 
G3-G4 1.7757699 0.4795944 646.87 3.703 0.0013** 
 
Participants’ average pitch level in the pretest, posttest, and delayed posttest is 
analyzed using a linear mixed-effects model with tests as the fixed effect, participants’ ID 
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and selected stressed constituents as the random effects.  
The results show that there is a statistically significant difference between the 
pretest and posttest average pitch level of Group 1 (IT) at the alpha = .05 level (estimate 
= -0.58, SE = 0.2, t = -2.942, d.f. = 478.99, p = 0.0096). There is no significant difference 
between the posttest and delayed posttest scores of Group 1 (IT) participants at the alpha 
=.05 level (estimate = 0.01, SE = 0.2, t = 0.048, d.f. = 478.99, p = 0.9987). These results 
suggest that the average pitch level of Group 1 (IT) participants’ sentence stress increased 
after the intervention and then remained at about the same after 14 days. This result is 
consistent with the human raters’ perception, which indicates an increase of Group 1 
(IT)’s sentence stress perceivability and placement in the read aloud task after the 
intervention. 
There is a statistically significant difference between the pretest and posttest 
average pitch level of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -1.17, 
SE = 0.26, t = -4.489, d.f. = 478.98, p < 0.0001). There is no significant difference 
between the posttest and delayed posttest average pitch level of Group 2 (mono-MAT) 
participants at the alpha =.05 level (estimate = 0.1, SE = 0.26, t = 0.382, d.f. = 478.98, p 
= 0.9227). These results suggest that the average pitch level of Group 2 (mono-MAT) 
participants’ sentence stress increased after the intervention and then remained at about 
the same after 14 days. This result is consistent with the human raters’ perception, which 
indicates an increase of Group 2 (mono-MAT)’s sentence stress perceivability and 
placement after the intervention in the read aloud task. 
There is a statistically significant difference between the pretest and posttest 
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average pitch level of Group 3 (cross-MAT) at the alpha = .05 level (estimate = -1.8, SE 
= 0.22, t = -8.263, d.f. = 478.99, p < 0.0001). There is no significant difference between 
the posttest and delayed posttest average pitch level of Group 3 (cross-MAT) participants 
at the alpha =.05 level (estimate = 0.33, SE = 0.22, t = 1.499, d.f. = 478.99, p = 0.2924). 
These results suggest that the average pitch level of Group 3 (cross-MAT) participants’ 
sentence stress increased after the intervention and then remained at about the same level 
after 14 days. This result is consistent with the human raters’ perception, which indicates 
an increase of Group 3 (cross-MAT)’s sentence stress perceivability and placement in the 
read aloud task after the intervention. 
There is a statistically significant difference between the pretest and posttest 
average pitch level of Group 4 (control group) at the alpha = .05 level (estimate = -0.68, 
SE = 0.19, t = -3.553, d.f. = 478.99, p = 0.0012). There is no significant difference 
between the posttest and delayed posttest average pitch level of Group 4 (control group) 
at the alpha =.05 level (estimate = 0.39, SE = 0.19, t = 2.026, d.f. = 478.99, p = 0.107). 
However, there is also no significant difference between the pretest and delayed posttest 
average pitch level of Group 4 (control group) participants at the alpha =.05 level 
(estimate = -0.29, SE = 0.19, t = -1.527, d.f. = 478.99, p = 0.2794). These results suggest 
that the average pitch level of Group 4 (control) participants’ sentence stress increased 
after the intervention and then slightly decreased to a level that is similar to the pretest 
average pitch level. This increase of average pitch level may due to increased familiarity 
of the content. 
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Figure 29. Average Pitch Level Across Tests (lme Model) 
 
Participants’ average pitch level in the pretest, posttest, and delayed posttest is 
analyzed using a linear mixed-effects model with days from the pretest as the fixed effect, 
participants’ ID and selected stressed constituents as the random effects. The results show 
that there is no statistically significant difference across time of Group 1 (IT) at the alpha 
= .05 level (estimate = 0.02, SE = 0.01, t = 1.632, d.f. = 479, p = 0.103). There is a 
statistically significant difference across time of Group 2 (mono-MAT) at the alpha = .05 
level (estimate = 0.03, SE = 0.02, t = 2.112, d.f. = 479, p = 0.0352). There is a 
statistically significant difference across time of Group 3 (cross-MAT) at the alpha = .05 
level (estimate = 0.04, SE = 0.01, t = 2.854, d.f. = 479, p = 0.00451). There is no 
statistically significant difference across time of Group 4 (control group) at the alpha 
= .05 level (estimate = -0.003, SE = 0.01, t = -0.28, d.f. = 479, p = 0.7793). These results 
suggest that across time, only Group 2 (mono-MAT) and Group 3 (cross-MAT)’ average 
pitch level increased.  
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Figure 30. Average Pitch Level Across Time (lme Model) 
 
To conclude, for the average pitch level in the read aloud task, the four groups 
started at different levels. Group 1 (IT) and Group 2 (mono-MAT) started at a level that 
is significantly higher than that of Group 3 (cross-MAT) and Group 4 (control group). 
After the intervention, the average pitch level of all groups increased. The average pitch 
level of the three groups that received prosody teaching are significantly higher than the 
average pitch level of Group 4 (control group) in the posttest. The average pitch level of 
all groups did not change significantly after 14 days. If we take the differences of time 
between tests into consideration, Group 2 (mono-MAT) and Group 3 (cross-MAT) have 
significant improvement. These results are generally consistent with the human raters’ 
perception and suggest human raters used the increase of average pitch level as an 
indicator for sentence stress evaluation. 
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Pitch Range 
The average pitch range of Group 1 (IT), Group 2 (mono-MAT), and Group 3 
(cross-MAT) increased in the posttest and the delayed posttest. The average pitch range 
of Group 4 (control group) decreased in the posttest and increased in the delayed posttest. 
 
Figure 31. Pitch Range in the Read Aloud Task 
 
Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and the selected stressed 
constituents as the random effects. The results show that, in the pretest, there are no 
significant differences across all groups, suggesting that there are no significant 
differences among participants’ pitch range in the pretest.  
In the posttest, Group 1(IT), Group 2 (mono-MAT) and Group 3 (cross-MAT)’s 
pitch ranges are significantly higher than Group 4 (control group)’s pitch range. Group 2 
(mono-MAT) and Group 3 (cross-MAT)’s pitch ranges are significantly higher than 
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Group 1 (IT)’s pitch range. There is no significant difference between Group 2 (mono-
MAT) and Group 3 (cross-MAT)’s pitch ranges.  
In the delayed posttest, Group 2 (mono-MAT) and Group 3 (cross-MAT)’s pitch 
ranges are significantly higher than Group 1 (IT) and Group 4 (control group)’s pitch 
ranges. There is no significant difference between Group 1 (IT) and Group 4 (control 
group)’s pitch ranges. There is also no significant difference between Group 2 (mono-
MAT) and Group 3 (cross-MAT)’s pitch ranges. The results are reported in Figure 32. 
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Figure 32. Pairwise Comparison of Pitch Range 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 -1.1229999 0.57842 646.9 -1.941 0.2118 
G1-G3 -0.287192 0.57842 646.9 -0.497 0.9599 
G1-G4 -0.6590834 0.57842 646.9 -1.139 0.6652 
G2-G3 0.8358079 0.57842 646.9 1.445 0.4717 
G2-G4 0.4639165 0.57842 646.9 0.802 0.8535 
G3-G4 -0.3718914 0.57842 646.9 -0.643 0.918 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -2.431678 0.5486703 646.89 -4.432 0.0001*** 
G1-G3 -2.8011273 0.5486703 646.89 -5.105 <.0001*** 
G1-G4 1.6786174 0.5486703 646.89 3.059 0.0123* 
G2-G3 -0.3694492 0.5486703 646.89 -0.673 0.9072 
G2-G4 4.1102954 0.5486703 646.89 7.491 <.0001*** 
G3-G4 4.4797446 0.5486703 646.89 8.165 <.0001*** 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -2.3615834 0.6137201 646.85 -3.848 0.0008** 
G1-G3 -2.9143211 0.6137201 646.85 -4.749 <.0001*** 
G1-G4 1.0229811 0.6137201 646.85 1.667 0.3422 
G2-G3 -0.5527377 0.6137201 646.85 -0.901 0.8045 
G2-G4 3.3845645 0.6137201 646.85 5.515 <.0001*** 
G3-G4 3.9373022 0.6137201 646.85 6.415 <.0001*** 
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Participants’ pitch range in the pretest, posttest, and delayed posttest is analyzed 
using a linear mixed-effects model with tests as the fixed effect, participants’ ID and 
selected stressed constituents as the random effects.  
The results show that there is no statistically significant difference between the 
pretest and posttest pitch range of Group 1 (IT) at the alpha = .05 level (estimate = -0.65, 
SE = 0.53, t = -1.235, d.f. = 478.88, p = 0.433). There is also no significant difference 
between the posttest and delayed posttest pitch range of Group 1 (IT) at the alpha =.05 
level (estimate = -0.42, SE = 0.53, t = -0.795, d.f. = 478.88, p = 0.7062). These results 
suggest that the pitch range of Group 1 (IT) participants’ sentence stress remained at 
about the same level after the intervention and after 14 days.  
There is a statistically significant difference between the pretest and posttest pitch 
range of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -1.97, SE = 0.61, t = -
3.22, d.f. = 478.88, p = 0.0039). There is no significant difference between the posttest 
and delayed posttest pitch range of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = -0.35, SE = 0.61, t = -0.58, d.f. = 478.88, p = 0.8311). These results suggest 
that the pitch range of Group 2 (mono-MAT) participants’ sentence stress expanded after 
the intervention and then remained at about the same level after 14 days. These results are 
also consistent with human raters’ perception. 
There is a statistically significant difference between the pretest and posttest pitch 
range of Group 3 (cross-MAT) at the alpha = .05 level (estimate = -3.17, SE = 0.59, t = -
5.38, d.f. = 478.88, p < 0.0001). There is no significant difference between the posttest 
and delayed posttest pitch range of Group 3 (cross-MAT) at the alpha =.05 level 
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(estimate = -0.54, SE = 0.59, t = -0.911, d.f. = 478.88, p = 0.6334). These results suggest 
that the pitch range of Group 3 (cross-MAT) participants’ sentence stress expanded after 
the intervention and then remained at about the same level after 14 days. These results are 
also consistent with human raters’ perception. 
There is a statistically significant difference between the pretest and posttest pitch 
range of Group 4 (control group) at the alpha = .05 level (estimate = 1.68, SE = 0.49, t = 
3.393, d.f. = 478.89, p = 0.0022). There is no significant difference between the posttest 
and delayed posttest pitch range of Group 4 (control group) at the alpha =.05 level 
(estimate = -1.08, SE = 0.49, t = -2.182, d.f. = 478.89, p = 0.0752). These results suggest 
that the pitch range of Group 4 (control group) participants’ sentence stress decreased 
after the intervention and remained at about the same level after 14 days. 
 
Figure 33. Pitch range Across Tests (lme Model) 
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Participants’ pitch range in the pretest, posttest, and delayed posttest is analyzed 
using a linear mixed-effects model with days from the pretest as the fixed effect, 
participants’ ID and selected stressed constituents as the random effects. The results show 
that there is no statistically significant difference across time of Group 1 (IT) at the alpha 
= .05 level (estimate = 0.05, SE = 0.03, t = 1.63, d.f. = 478.9, p = 0.104). There is a 
statistically significant difference across time of Group 2 (mono-MAT) at the alpha = .05 
level (estimate = 0.1, SE = 0.04, t = 2.505, d.f. = 478.9, p = 0.0126). There is a 
statistically significant difference across time of Group 3 (cross-MAT) at the alpha = .05 
level (estimate = 0.15, SE = 0.04, t = 4.045, d.f. = 478.9, p < 0.0001). There is no 
statistically significant difference across time of Group 4 (control group) at the alpha 
= .05 level (estimate = 0.02, SE = 0.03, t = 0.551, d.f. = 478.9, p = 0.582). These results 
suggest that across time, only Group 2 (mono-MAT) and Group 3 (cross-MAT)’s pitch 
range expanded.  
 
Figure 34. Pitch range Across Time (lme Model) 
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To conclude, for the pitch range in the read aloud task, the four groups started at 
approximately the same level. After the intervention, the pitch range of Group 2 (mono-
MAT) and Group 3 (cross-MAT) increased. The pitch range of all groups did not change 
significantly after 14 days. If we take the differences of time between tests into 
consideration, Group 2 (mono-MAT) and Group 3 (cross-MAT) have significant 
improvement. These results are generally consistent with the human raters’ perception 
and suggest human raters used the expansion of pitch range as an indicator for sentence 
stress evaluation. 
 
Duration 
The average duration of the words analyzed of Group 1 (IT), Group 2 (mono-
MAT), and Group 4 (control group) decreased in the posttest and remained at about the 
same level in the delayed posttest. The average duration of the words analyzed of Group 
3 (cross-MAT) remained at almost the same level in the posttest and then decreased in 
the delayed posttest.  
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Figure 35. Average Duration in the Read Aloud Task 
 
Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and the selected stressed 
constituents as the random effects. The results show that, in the pretest, there are no 
significant differences across all groups except that Group 1 (IT) and Group 2 (mono-
MAT) are different.  
In the posttest, Group 2 (mono-MAT) and Group 3 (cross-MAT)’s stressed 
constituents’ durations are significantly longer than Group 1 (IT) and Group 4 (control 
group)’s duration. There is no significant difference between Group 2 (mono-MAT) and 
Group 3 (cross-MAT)’s duration.  
In the delayed posttest, the duration of the stressed constituents of each group is 
different except that there is no significant difference between Group 3 (cross-MAT) and 
Group 4 (control group)’s duration. The results are reported in Figure 36. 
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Figure 36. Pairwise Comparison of Duration 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.0890944 0.02935927 646.94 -3.035 0.0133* 
G1-G3 -0.0658219 0.02935927 646.94 -2.242 0.1132 
G1-G4 -0.0628175 0.02935927 646.94 -2.14 0.1418 
G2-G3 0.02327251 0.02935927 646.94 0.793 0.8578 
G2-G4 0.02627689 0.02935927 646.94 0.895 0.8074 
G3-G4 0.00300437 0.02935927 646.94 0.102 0.9996 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.115401 0.0156043 646.99 -7.395 <.0001*** 
G1-G3 -0.1120783 0.0156043 646.99 -7.183 <.0001*** 
G1-G4 -0.0582266 0.0156043 646.99 -3.731 0.0012* 
G2-G3 0.00332266 0.0156043 646.99 0.213 0.9966 
G2-G4 0.05717431 0.0156043 646.99 3.664 0.0015* 
G3-G4 0.05385166 0.0156043 646.99 3.451 0.0033* 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 -0.130245 0.01391728 646.99 -9.359 <.0001*** 
G1-G3 -0.0606037 0.01391728 646.99 -4.355 0.0001*** 
G1-G4 -0.0704077 0.01391728 646.99 -5.059 <.0001*** 
G2-G3 0.06964127 0.01391728 646.99 5.004 <.0001*** 
G2-G4 0.05983728 0.01391728 646.99 4.299 0.0001*** 
G3-G4 -0.009804 0.01391728 646.99 -0.704 0.8953 
  
 Duration is analyzed using a linear mixed-effects model with tests as the fixed 
effect, participants’ ID and selected stressed constituents as the random effects.  
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The results show that there is a statistically significant difference between the 
pretest and posttest duration of Group 1 (IT) at the alpha = .05 level (estimate = 0.05, SE 
= 0.01, t = 4.055, d.f. = 478.99, p = 0.0002). There is no significant difference between 
the posttest and delayed posttest duration of Group 1 (IT) participants at the alpha =.05 
level (estimate = 0.01, SE = 0.01, t = 0.952, d.f. = 478.99, p = 0.6076). These results 
suggest that the duration of Group 1 (IT) participants’ sentence stress decreased after the 
intervention and then remained at about the same level after 14 days.  
There is no statistically significant difference between the pretest and posttest 
duration of Group 2 (mono-MAT) participants at the alpha = .05 level (estimate = 0.02, 
SE = 0.02, t = 1.239, d.f. = 478.98, p = 0.4305). There is also no significant difference 
between the posttest and delayed posttest duration of Group 2 (mono-MAT) participants 
at the alpha =.05 level (estimate = -0.003, SE = 0.02, t = -0.173, d.f. = 478.98, p = 
0.9836). These results suggest that the duration of Group 2 (mono-MAT) participants’ 
sentence stress remained at about the same level after the intervention and after 14 days.  
There is no statistically significant difference between the pretest and posttest 
duration of Group 3 (cross-MAT) participants at the alpha = .05 level (estimate = 0.003, 
SE = 0.01, t = 0.214, d.f. = 478.99, p = 0.9751). There is a significant difference between 
the posttest and delayed posttest duration of Group 3 (cross-MAT) participants at the 
alpha =.05 level (estimate = 0.06, SE = 0.01, t = 4.214, d.f. = 478.99, p = 0.0001). These 
results suggest that the duration of Group 3 (cross-MAT) participants’ sentence stress 
remained at about the same level after the intervention and decreased significantly after 
14 days.  
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There is a statistically significant difference between the pretest and posttest 
duration of Group 4 (control group) participants at the alpha = .05 level (estimate = 0.05, 
SE = 0.03, t = 2.077, d.f. = 478.92, p = 0.0383). There is no significant difference 
between the posttest and delayed posttest duration of Group 4 (control group) participants 
at the alpha =.05 level (estimate = -0.001, SE = 0.03, t = -0.022, d.f. = 478.92, p = 
0.9997). These results suggest that the duration of Group 4 (control group) participants’ 
sentence stress decreased after the intervention and remained at about the same level after 
14 days. 
Figure 37. Duration Across Tests (lme Model) 
 
Duration is analyzed using a linear mixed-effects model with days from pretest as 
the fixed effect, participants’ ID and words as the random effects. The results show that 
there is a statistically significant difference across time of Group 1 (IT) at the alpha = .05 
level (estimate = -0.003, SE = 0.0008, t = -3.388, d.f. = 479, p = 0.0008). There is no 
statistically significant difference across time of Group 2 at the alpha = .05 level 
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(estimate = -0.0006, SE = 0.001, t = -0.516, d.f. = 479, p = 0.606). There is a statistically 
significant difference across time of Group 3 at the alpha = .05 level (estimate = -0.005, 
SE = 0.0009, t = -4.989, d.f. = 479, p < 0.0001). There is no statistically significant 
difference across time of Group 4 at the alpha = .05 level (estimate = -0.002, SE = 0.002, 
t = -1.171, d.f. = 478.9, p = 0.242). 
 
Figure 38. Duration Across Time (lme Model) 
 
 
 
To conclude, contrary to the prediction that the duration of the stressed 
constituents in participants’ speech would increase after the intervention, the duration of 
Group 1 (IT), Group 3 (cross-MAT), and Group 4 (control group) decreased whereas the 
duration of Group 2 (mono-MAT) has no significant change. It is also worth noticing that 
the decrease of Group 3 (cross-MAT) happened between the posttest and the delayed 
posttest instead of between the pretest and the posttest, as is the case with Group 1 (IT) 
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and Group 4 (control group). The decrease of the duration might be a result of the 
increase of participants’ fluency. When reading the multisyllabic words (e.g. 
individualism, collectivism) in the pretest, participants might read it slower. When 
participants got more familiar with the words in the posttest and delayed posttest, they 
read them faster. The facts that Group 2 (mono-MAT)’s duration level sustained and 
Group 3 (cross-MAT)’s duration had a delayed decreased suggest a counteract of the 
increase of duration caused by enhanced sentence stress production and the decrease of 
duration caused by the increase of fluency.   
Intensity 
The average intensity of the words analyzed in Group 1 (IT), Group 2 (mono-
MAT), Group 3 (cross-MAT), and Group 4 (control group) increased in the posttest, and 
then decreased in the delayed posttest. 
 
Figure 39. Average Intensity of the Read Aloud Task 
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Pairwise comparison has been conducted using the linear mixed-effects model 
with grouping as the fixed effect, and participants’ ID and the selected stressed 
constituents as the random effects. The results show that, in the pretest, there are no 
significant differences across all groups, suggesting that the intensity of participants’ 
pretest is at about the same level. 
In the posttest, Group 3 (cross-MAT)’s intensity is significantly higher than 
Group 1 (IT), Group 2 (mono-MAT), and Group 4 (control group)’s intensity. There is no 
significant difference among Group 1 (IT), Group 2 (mono-MAT) and Group 4’s 
intensity. These results suggest that after the intervention, Group 3 (cross-MAT) has 
significant improvement whereas Group 1 (IT) and Group 2 (mono-MAT) have no 
significant improvement. 
In the delayed posttest, Group 1 (IT), Group 2 (mono-MAT) and Group 3 (cross-
MAT)’s intensity is significantly higher than Group 4 (control group)’s intensity. There is 
no significant difference among Group 1 (IT), Group 2 (mono-MAT) and Group 3 (cross-
MAT)’s intensity. The results are reported in Figure 40. 
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Figure 40. Pairwise Comparison of Intensity 
Pretest 
 Estimate SE df t-ratio p-value 
G1-G2 0.5397498 0.5662451 646.92 0.953 0.776 
G1-G3 0.1431381 0.5662451 646.92 0.253 0.9943 
G1-G4 0.8405604 0.5662451 646.92 1.484 0.4475 
G2-G3 -0.3966117 0.5662451 646.92 -0.7 0.8969 
G2-G4 0.3008107 0.5662451 646.92 0.531 0.9515 
G3-G4 0.6974224 0.5662451 646.92 1.232 0.6069 
 
Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 0.6013665 0.5579757 646.91 1.078 0.7033 
G1-G3 -1.7290394 0.5579757 646.91 -3.099 0.0109* 
G1-G4 0.9624766 0.5579757 646.91 1.725 0.3115 
G2-G3 -2.3304059 0.5579757 646.91 -4.177 0.0002** 
G2-G4 0.3611101 0.5579757 646.91 0.647 0.9165 
G3-G4 2.6915161 0.5579757 646.91 4.824 <.0001*** 
 
Delayed Posttest 
 Estimate SE df t-ratio p-value 
G1-G2 0.09218849 0.5555512 646.91 0.166 0.9984 
G1-G3 -0.490948 0.5555512 646.91 -0.884 0.8133 
G1-G4 1.94328467 0.5555512 646.91 3.498 0.0028* 
G2-G3 -0.5831365 0.5555512 646.91 -1.05 0.7202 
G2-G4 1.85109618 0.5555512 646.91 3.332 0.005* 
G3-G4 2.43423271 0.5555512 646.91 4.382 0.0001*** 
 
Intensity is analyzed using a linear mixed-effects model with tests as the fixed 
effect, participants’ ID and selected stressed constituents as the random effects.  
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The results show that there is a statistically significant difference between the 
pretest and posttest intensity of Group 1 (IT) participants at the alpha = .05 level 
(estimate = -1.69, SE = 0.33, t = -5.181, d.f. = 478.98, p < 0.0001). There is a significant 
difference between the posttest and delayed posttest intensity of Group 1 (IT) participants 
at the alpha =.05 level (estimate = 0.97, SE = 0.33, t = 2.981, d.f. = 478.98, p = 0.0085). 
There is no significant difference between the pretest and delayed posttest intensity 
(estimate = -0.72, SE = 0.33, t = -2.2, d.f. = 478.98, p = 0.07). These results suggest that 
the intensity of Group 1 (IT) participants’ sentence stress increased after the intervention 
and then decreased to the pretest level after 14 days.  
There is a statistically significant difference between the pretest and posttest 
intensity of Group 2 (mono-MAT) at the alpha = .05 level (estimate = -1.63, SE = 0.33, t 
= -4.936, d.f. = 478.98, p < 0.0001). There is no significant difference between the 
posttest and delayed posttest intensity of Group 2 (mono-MAT) at the alpha =.05 level 
(estimate = 0.46, SE = 0.33, t = 1.405, d.f. = 478.98, p = 0.3391). These results suggest 
that the intensity of Group 2 (mono-MAT) participants’ sentence stress increased after 
the intervention and remained at about the same level after 14 days.  
There is a statistically significant difference between the pretest and posttest 
intensity of Group 3 (cross-MAT) participants at the alpha = .05 level (estimate = -3.56, 
SE = 0.4, t = -8.913, d.f. = 478.97, p < 0.0001). There is a significant difference between 
the posttest and delayed posttest intensity of Group 3 (cross-MAT) participants at the 
alpha =.05 level (estimate = 2.21, SE = 0.4, t = 5.531, d.f. = 478.97, p < 0.0001). 
Compared to the pretest, the intensity of the delayed posttest is still significantly different 
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(estimate = -1.35, SE = 0.4, t = -3.382, d.f. =478.97, p = 0.0022). These results suggest 
that the intensity of Group 3 (cross-MAT) participants’ sentence stress increased after the 
intervention and decreased after 14 days. However, even though the intensity decreased 
after 14 days, it is still higher than the pretest level. 
There is a statistically significant difference between the pretest and posttest 
intensity of Group 4 (control group) at the alpha = .05 level (estimate = -1.57, SE = 0.38, 
t = -4.136, d.f. = 478.99, p = 0.0001). There is a significant difference between the 
posttest and delayed posttest intensity of Group 4 (control group) at the alpha =.05 level 
(estimate = 1.95, SE = 0.38, t = 5.15, d.f. = 478.99, p < 0.0001). There is no significant 
difference between the pretest and the delayed posttest (estimate = 0.38, SE = 0.38, t = 
1.014, d.f. = 478.99, p = 0.5683). These results suggest that the intensity of Group 4 
(control group) participants’ sentence stress increased in the posttest then decreased to the 
pretest level after 14 days. 
Figure 41. Intensity Across Tests (lme Model) 
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Intensity is analyzed using a linear mixed-effects model with days from pretest as 
the fixed effect, participants’ ID and selected stressed constituents as the random effects. 
The results show that there is no statistically significant difference across time of Group 1 
(IT) at the alpha = .05 level (estimate = -0.009, SE = 0.02, t = -0.433, d.f. = 479, p = 
0.666). There is no statistically significant difference across time of Group 2 at the alpha 
= .05 level (estimate = 0.03, SE = 0.02, t = 1.204, d.f. = 479, p = 0.229). There is no 
statistically significant difference across time of Group 3 at the alpha = .05 level 
(estimate = -0.03. SE = 0.03, t = - 1.139, d.f. = 479, p = 0.255). There is a statistically 
significant difference across time of Group 4 at the alpha = .05 level (estimate = -0.08, 
SE = 0.02, t = -3.492, d.f. = 479, p = 0.0005). 
Figure 42. Intensity Across Time (lme Model) 
 
To conclude, the intensity of all groups significantly increased after the 
intervention then decreased. Group 3 (cross-MAT) is worth noticing in that it is the only 
  
105 
intervention group in which intensity is higher than Group 4 (control group) in the 
posttest. Another phenomenon worth noticing is that the intensity of Group 4 (control 
group) decreased significantly between the posttest and delayed posttest. Because of this 
decrease, the intensity of the delayed posttest of Group 1 (IT), Group 2 (mono-MAT), 
and Group 3 (cross-MAT) is all higher than Group 4 (control group). These results are 
partly consistent with the human raters’ perception, suggesting that intensity is a factor 
that human raters used to evaluate sentence stress perceivability and placement. 
 
Comparing English and Mandarin Stress 
 After completing the two-week delayed posttest, participants in Group 3 (cross-
MAT) were asked to deliver the same testing materials in Mandarin. The average pitch 
level, pitch range, duration, and intensity of the stressed constituents in participants’ 
Mandarin read-aloud speech were analyzed and compared to those in participants’ 
English read-aloud speech. 
 A linear mixed-effects model with tests as the fixed effect, and participants’ ID 
and selected stressed constituents as the random effects was conducted to compare the 
average pitch level in the four tests. Pairwise comparison has been made using the R 
package lsmeans (Lenth, 2016) with Tukey adjustment. The results show that participants’ 
average pitch level in the English pretest is significantly lower than their pitch level in the 
Mandarin test (estimate = -1.25, SE = 0.23, t = -5.354, d.f.= 646.99, p < 0.0001). There is 
no significant difference between the English posttest’s average pitch level and Mandarin 
test’s average pitch level (estimate = 0.56, SE = 0.23, t = 2.398, d.f.= 646.99, p = 0.0785). 
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There is no significant difference between the English delayed posttest’s average pitch 
level and Mandarin test’s average pitch level (estimate = 0.23, SE = 0.23, t = 0.992, d.f.= 
646.99, p = 0.7543). These results suggest that after the intervention, participants’ pitch 
level increased to their Mandarin pitch level and remained at that level after 14 days. 
However, the comparison of average pitch level might be affected by the tonal system in 
Mandarin. 
 
Figure 43. Average Pitch Level of English and Mandarin Tests. 
 
A linear mixed-effects model with tests as the fixed effect, and participants’ ID 
and selected stressed constituents as the random effects was conducted to compare the 
pitch range in the four tests. The results show participants’ pitch range in the English 
pretest is significantly narrower than participants’ pitch range in the Mandarin test 
(estimate = -5.83, SE = 0.59, t = -9.93, d.f.= 646.92, p < 0.0001). Participants’ pitch 
range in the English posttest is also significantly narrower than participants’ pitch range 
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in the Mandarin test (estimate = -2.66, SE = 0.59, t = -4.529, d.f.= 646.92, p < 0.0001). 
Participants’ pitch range in the English delayed posttest is also significantly narrower 
than participants’ pitch range in the Mandarin test (estimate = -2.12, SE = 0.59, t = -3.614, 
d.f.= 646.92, p = 0.0018). These results suggest that the participants’ pitch range 
increased after the intervention but is still narrower than their Mandarin pitch range. 
 
Figure 44. Pitch range of English and Mandarin Tests. 
 
A linear mixed-effects model with tests as the fixed effect, and participants’ ID 
and selected stressed constituents as the random effects was conducted to compare the 
duration in the four tests. The results show that the duration of the stressed constituents in 
the English pretest is significantly higher than the duration of the stressed constituents in 
the Mandarin test (estimate = 0.09, SE = 0.02, t = 5.947, d.f.= 646.99, p < 0.0001). The 
duration of the stressed constituents in the English posttest is significantly higher than the 
duration of the stressed constituents in the Mandarin test (estimate = 0.09, SE = 0.02, t = 
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5.739, d.f.= 646.99, p < 0.0001). There is no significant difference between the English 
delayed posttest’s duration and the Mandarin test’s duration (estimate = 0.03, SE = 0.02, t 
= 1.647, d.f.= 646.99, p = 0.3529). These results suggest that participants’ duration 
decreased to the level of their Mandarin duration. However, the results might be affected 
by the difference in English and Mandarin syllable structure.  
 
Figure 45. Duration of English and Mandarin Tests. 
 
A linear mixed-effects model with tests as the fixed effect, and participants’ ID 
and selected stressed constituents as the random effects was conducted to compare the 
intensity in the four tests. The results show that the intensity of participants’ English 
pretest is significantly lower than the Mandarin test (estimate = -1.42, SE = 0.43, t = -
3.285, d.f.= 646.97, p = 0.0059). The intensity of participants’ English posttest is 
significantly higher than the Mandarin test (estimate = 2.14, SE = 0.43, t = 4.929, d.f.= 
646.97, p < 0.0001). There is no significant difference between the Mandarin test and the 
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English delayed posttest’s intensity (estimate = -0.07, SE = 0.43, t = -0.168, d.f.= 646.97, 
p = 0.9983). These results suggest that the participants’ intensity increased after the 
intervention to a level that is higher than their Mandarin intensity. But after 14 days, 
participants’ intensity decreased to the level of their Mandarin intensity. However, the 
results might be affected by the difference in English and Mandarin syllable structure. 
 
Figure 46. Intensity of English and Mandarin Tests. 
 
 
Interview  
Participants in Group 1 (IT), Group 2 (mono-MAT), and Group 3 (cross-MAT) 
were interviewed on their pronunciation learning experience, their opinions about the 
teaching method they received, and whether they applied what they learned in their daily 
lives. The interviews were conducted in English. However, some participants 
occasionally code-switched to Mandarin when they found it difficult to fully express their 
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ideas in English. The Mandarin comments were translated into English in this section. 
The interview data were transcribed and analyzed based on questions, groups of 
participants and major themes identified in participants’ answers.  
Pronunciation Learning Experience 
The participants were asked if they had received any kinds of pronunciation 
instruction before. Thirty participants said that they received some pronunciation 
teaching or training. Six participants didn’t think they had been taught about 
pronunciation. In the responses of the participants who said that they had been taught 
about pronunciation, three themes are identified: phonetic alphabet, tone, and imitation. 
Phonetic Alphabet 
Phonetic alphabet, or [yin biao] in Chinese, is mentioned by 10 participants.   
“Yes. I was in the second language, the pronunciation class and they teach me, 
some… like… the yin biao (phonetic alphabet) for each sentence and also for the 
past tense, something, for participle pronunciation. If you mean the typical lecture 
for teaching me how to pronounce, there is no special…” 
(Group 1-Participant 1)  
“Yes. I’ve been taught about to use symbols to differentiate different 
pronunciation. It’s like IPA but maybe not that standard. Like “apple” is /æ/ and 
“bus” you should open your mouth more horizontal.” 
(Group 2-Participant 10) 
 
“Ya. I have been taught about pronunciation. One is about yin biao (phonetic 
alphabet). I’ve learned phonetic alphabet. I guess the teachers were teaching how 
to pronounce some specific phonetic alphabet or words. I think some American 
teachers have also tried to correct my and my classmate’s pronunciation. So 
specific one, specific words, how to pronounce them.” 
(Group 3-Participant 4) 
 
When talking about the phonetic alphabet, some participants gave an example of 
the training they received. Based on the example they mentioned, the pronunciation 
  
111 
training they received focuses on segmental features. For instance, the correction of the 
theta sound or /θ/, was mentioned by 4 participants.  
“Um… like the phrase th sounds like /θ/, not /d/. Just like the difference from… 
from Chinese pronunciation and English pronunciation.”  
(Group 3-Participant 3) 
 
One participant mentioned an occasion when she was corrected by a friend of hers 
in her daily life when there was miscommunication or misunderstanding.  
“It’s not my teacher taught me. Someone… um American people taught me. They 
say it’s “bill”, not “beer” they might think you are offer a beer to them but it’s not 
beer.” 
(Group 2-Participant 8) 
 
Tones 
4 participants mentioned "tones" in their response. The term "tones" was used to 
refer to different features. For example, one participant used "tones" when she was 
talking about the correction of an individual sound.   
"Yeah, yeah, I think, ye. It's like maybe correct some tones that Chinese people 
will do it wrong or do it not properly. Like /th/ in "thank you". But I don't 
remember. She told us to practice it again and again, but many time the students 
pronounced it weird"  
(Group 1-Participant 9). 
 
Another participant, however, used the word “tones” when she was talking about 
intonation.  
P2: I’ve read a book that called “American Accent Training”. But I didn’t finish   
that. I just read some chapters. 
 
Di: So what is that about? 
 
P2: It’s about correcting pronunciation of nonnative speakers. Ah, and tones! 
That’s the most important thing, the tones! Like dadada dadada.  
 
Di: Can you give some details? 
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P2: My understand is that in English there is a flow in the sentence, it’s not flat 
from beginning to the end, it has to have the tone, sometimes up sometimes down. 
The book talks a lot but the most impressive one is about the tone. In what time, 
in what cases, you need to pronounce it very succinct.   
 
Di: Are you using it? 
 
P2: No. I just know it but I didn’t practice a lot. 
(Group 1-Participant 2) 
 
Imitation  
9 participants mentioned their experience following tapes or their teachers. 
However, participants also commented that they do not think the imitation is helpful. 
P10: Yes. They just asked us to follow his pronunciation. 
 
Di: Do you think it’s helpful? 
 
P10:  don’t think it’s helpful. We’re just following his pronunciation but once we 
talk from our own words, we don’t know how to pronounce correctly. 
(Group 1-Participant 10) 
 
 
P7: Um… Like us try to repeat what she talked like some sentence. 
 
Di: Do you think that’s useful? 
 
P7: I don’t think so. 
(Group 2-Participant 7) 
 
Participants were then asked if they have received similar instruction before. Five 
participants in Group 1 (IT) said that they received similar kinds of instruction, Five 
participants said that they did not receive similar kinds of instruction. Two participants 
said that the imitation instruction they received is slightly different in that it does not 
include the repetition part.  
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Ten participants in Group 2 (mono-MAT) said that they did not receive similar 
kinds of pronunciation instruction. Two participants reported that they received similar 
instruction. For example, participant 8 in Group 2 (mono-MAT) said, "In my speaking 
classes. Here and in China both. Like 'I buy a pair of shoe.' If you emphasize 'I,' that is 
the person who buys the shoe. If you emphasize the 'shoe,' it's the goods that you buy. It's 
something you buy". Participant 11 stated that he "heard of" sentence stress when he was 
taking a TOEFL course. However, he also commented that "it's hard to practice in daily 
life."   
None of the participants in Group 3 (cross-MAT) reported that they received 
similar kinds of pronunciation instruction before. However, participant 5 of Group 3 
(cross-MAT) said that although he did not receive similar kinds of instruction in English, 
he received something similar in Chinese (Mandarin). He said, “I remember in Chinese, 
my language teacher did teach me something, … Like when we learned Chinese grammar, 
like people will say, like this is the key word and you need emphasis this word when you 
are talking…” 
 
Participants’ Beliefs About the Effectiveness of Teaching Methods 
The participants were asked if they think the pronunciation instruction that they 
received in the current study is helpful to improve their pronunciation. The participants 
were also asked to provide reasons for their beliefs. 
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Group 1 (IT) 
Nine of the Twelve participants (75%) believed the IT instruction will help them 
to improve their pronunciation. When asked why they think the teaching method is 
helpful, one participant referred to the relationship between input and output, "I think the 
input determines the output. So speaking and writing is output and listening, and reading 
is input. Um…only after you received, listened to the correct pronunciation, you can 
speak it correctly." (Group 1-Participant 2). A couple of participants stated that they 
would benefit from following native speakers. One participant, although saying that the 
instruction is helpful, commented that perception may affect the learning outcome and 
the instruction is useful only if the structures or words of the testing passage and 
instruction passage are similar.  
P8: Ya, that helps, but actually, as far as I know, the sound that you hear is 
different from the sound that I hear. So it’s hard for me to correct. I don’t know if 
I am closer to her, you know. 
 
Di: So do you think that just imitating different passages, just imitating and 
following her in a different passages, do you think that will help you when you 
are reading something different? 
 
P8: I think it helps cause there are some words that are similar and the structure of 
the sentences are similar so I think it do help.  
 
Di: So if the structure or words are different? 
 
P8: If it is two completely, two different topics, I think no. 
(Group 1-Participant 8) 
 
Two of the twelve participants (17%) said that the instruction might be helpful 
and the effectiveness of the teaching method depends on how many times they practice. 1 
participant mentioned that the instruction will raise her awareness. She said, "it also 
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um… gives me, like give my mind a signal like, for the first time I am just like reading it. 
But after reading that, and then I know that people expect me to copy when I read that 
one so I will at least be more aware and try to copy. Yah, I will be more aware" (Group 
1-Participant 3).  
One participant said that the instruction "kind of conflict[s] with his own way of 
saying," and that he found it "hard to follow someone else's pronunciation." 
 
Group 2 (mono-MAT) 
Eleven out of the twelve participants (92%) considered the mono-MAT as a 
helpful instruction. Some participants stated that the instruction would help them to pay 
more attention to pronunciation and stress. For example, one participant said that the 
instruction is helpful because it "will make people think more about their oral speaking or 
presentation… make them think how well they stress each word…" (Group 2-Participant 
4). Another participant said, "before I did not pay attention to the special word in a 
sentence, but those words are very important in the sentence and are reference to the 
sentence meaning. So after I pay more attention to those words, I think the meaning can 
easily be understood and easily spoken.” (Group 2-Participant 6).  
Some participants said that the instruction is helpful because it associates stress 
with meaning. For example. One participant said that the instruction helped him to 
understand, "how to use some stress to indicate my meaning, like deeper meaning, 
internal meaning (Group 2-Participant 7). Another participant said, “through this 
pronunciation lecture, I found that actually when you give the, when you stress different 
part, it has different meaning.” (Group 2-Participant 12). 
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Some participants believe that the instruction will help them to communicate 
more effectively with local people. For instance, one participants commented, "the stress 
of a sentence level help audience realize what your emphasis is, and also when you read 
the sentence, you realize what is the most important message to deliver, so I think it helps 
communicate more effectively and efficiently.” (Group 2-Participant 10)  
One participant thought that the instruction might be helpful, but more practice is 
needed. 
 
Group 3 (cross-MAT) 
All of the 12 participants believed that the cross-MAT is helpful. Similar to the 
participants in Group 2, some participants in Group 3 said that the instruction is helpful 
because it raises their attention and helps them to better communicate with each other. 
For instance, one participant said that, “it brings the attention to me that I should pay 
attention to the pronunciation” (Group 3-Participant 12). Another participant said that, 
“because, they (local people) will easily catch the key words I’m saying. But before, if I 
say a sentence in a flat tone, it’s hard to catch the meaning of what I’m trying to say, I 
mean the key word is important.” (Group 3-Participant 2). 
Participants were also asked to provide their comments about the Mandarin part 
of the lecture. Some participants said that before the study, they were not aware of the 
similarities between English and Mandarin sentence stress but comparing English and 
Mandarin sentence stress is helpful. For example, one participant said that, “before this 
research I, I didn’t even think English is similar, is similar to Mandarin in… in this way. 
So… if I realized this before, I think I can speak English more natural.” (Group 3-
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Participant 3). Another participant, although also stating that he was unware of the 
similarities between English and Mandarin prosody, believes that he has been using it 
unconsciously. He said, “I think it’s totally helpful, although to be honest, before 
receiving this training, we had this in Chinese. So when we speaking in English, we 
might just subconsciously analyzing the stress in real life and also probably use it in some 
scenario. I think this training is helpful… to my awareness cause I wasn’t very aware of it” 
(Group 3-Participant 4).  
Even though participants disagree on the extent to which they use prosody, they 
all agree that the Mandarin part of the instruction is essential and necessary. One 
participant said that, “because when we speak Chinese, we will feel like how important it 
is. And it should be the same thing in English.” (Group 3-Participant 6). Another 
participant said: 
Di: How about the Mandarin part, do you think that’s useful? 
 
P2: I think it’s useful and necessary. 
 
Di: But were you aware that Chinese and English actually share some similarities 
and the use of intonation? 
 
P2: Yes. Of course. 
 
Di: Like before or after? 
 
P2: Like before I did not think about it this way, but it definitely exists there. But 
after, I mean after this training, I definitely think more and I think it is more 
obvious to me.   
(Group 3-Participant 2). 
 
“It’s really helpful. It’s like I never noticed this, this stress word before. When I 
am speaking Chinese, it’s like I born in this way, I born in speaking like this way 
and I never noticed there is a stress word but I use stress word. And… This 
structure let me realize it’s the same way when I am speaking Chinese and 
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English. They all have a stress word. And I just notice which word I should notice. 
When somebody say the stress words, I should predict what he or she will say 
after.”  
(Group 3-Participant 10) 
 
The Application of the Teaching Methods 
In study visit 1, participants were asked whether they think they will use what 
they learned in this study in their daily communication and what are their biggest 
motivations to use the methods if they think they would use them. Approximately two 
weeks later, in student visit 2, the participants were asked if they actually used what they 
learned in this study in their daily communication and whether they think the method is 
helpful. Participants' answers to these two questions are analyzed side-by-side in this 
section.  
 
Group 1 (IT) 
In visit 1, Six out of the twelve participants (50%) of Group 1 stated that they 
think they would use what they learned in their daily communication. Four participants 
(33%) said that they might use what they learned in their daily communication. Two 
participants (17%) said that they do not think they will use what they learned in their 
daily communication.  
In visit 2, only three participants (25%) reported that they used what they learned 
in their daily communication and nine out of twelve participants (75%) of Group 1 said 
that they did not use what they learned in their daily communication.  
In study visit 1, participant 3 said that whether she would use what she learned 
depends on whether she likes the way the speaker she imitates pronounces the word. 
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Participant 4 said that she had been using an app in her smartphone to listen to the news, 
and repeat sentences. Participant 12 said she, “find it (IT) very helpful for all types of 
language learning”. In study visit 2, participants 3 and 4 reported that they actually used 
what they learned. Participant 12 said that she “has been using the method that was 
introduced in our last communication but it’s also because it’s the method that I’ve been 
using all the time so it kind of is already part of my daily routine”. All other participants 
in Group 1 reported that they did not use what they learned in study visit 2.  
In study visit 1, participants 1 and 10 both thought they would use what they 
learned in their daily communication. In study visit 2, they said that they did not use what 
they learned because they do not talk much with native speakers of English.  
 In study visit 1, participant 5 said that he might use what he learned but, “in the 
daily talk, we don’t have other one to let you read sentence after him”. Participant 6 said 
that the method would not work for him because he got too used to the way he speaks, 
and he does not feel comfortable changing it. In study visit 2, participant 5 and 6 said that 
they did not use what they learned because they have their own way of speech and they 
are reluctant to change.  
 In study visit 1, participant 7 said that he does not think he will use what he 
learned in his daily life. In study visit 2, participant 7 said that he did not use what he 
learned because he “couldn’t find any RULE or rule-based things from that lecture”. In 
study visit 1, participant 11 said that she thinks the method will work for children but not 
for her now since she is older. She then reported that she did not use it because she “can’t 
really apply it on daily life”.  
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 In study visit 1, participants 8 and 9 said that they think they will use what they 
learned. Participant 9 also stated that, “this is the only way to learn”. However, none of 
them actually use what they learned in their daily lives. In study visit 2, participant 8 said 
that, “it’s hard to catch and memorize the stress in people’s daily conversation”. 
Participant 9 said that, “at least what he learned has no impact that he was aware of”.  
 In study visit 1, participant 2 said that she might use what she learned but she 
needs much more practice. In study visit 2, she reported that she used similar method 
before but did not see obvious result. 
-I didn’t use it after last time. But I’ve used it before. I practiced for a period of 
time. I… I know if I keep on doing it, it will help me to improve a lot but this 
needs time. The reason why I gradually stopped practicing is I…I didn’t see um… 
obvious result in a short time so it’s hard to keep on. I mean, it’s… it needs to be 
more persistent and to practice a lot. 
(Group 1-Participant 2) 
 
 
Group 2 (mono-MAT) 
 In study visit 1, nine out of the twelve participants (75%) of Group 2 said that 
they think they would use what they learned in their daily communication. One 
participant said that her motivation to apply what she learned is that she wants to speak 
more naturally and more like a native speaker. Some participants said that the method 
helps them to express their ideas easier, which will lead to more effective communication 
with the local people. A couple of participants said that they want to use the method 
because they want to be more social. One participant said that he wants to teach his 
student about stress.   
In study visit 1, three participants were uncertain if they would use what they 
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learned in their daily communication. Participant 8 said that she might use what she 
learned but she thought she would not notice that. Participant 9 stated that he will use 
what he learned but he thought it would be hard. Participant 10 stated that she would not 
use what she learned because, “only if that what I said have delivered the wrong message, 
maybe people will ask me again to clarify I will change my intonation. Otherwise I think 
I will not put any intonation on the normal sentence”. 
In study visit 2, participant 9 reported that he used what he learned. Participant 8 
said that she might have used it but she did not notice that. Participant 10 said that she did 
not use what she learned. 
No. Just like what I’ve said before. Only if um… I… like people misunderstand 
what I am saying, will I realize that I put the wrong emphasis on the sentence. 
Otherwise I will just use normal tone, like putting no emphasis on the sentence. 
(Group 2-Participant 10) 
 
 In study visit 2, all the participants who said that they think they would use what 
they learned actually applied what they learned in their daily communication. One 
participant talked about his experience using what he learned to order food when he was 
travelling. He ordered dinner in a restaurant and the waiter brought him some food. He 
said, when he used flat intonation to say, “it’s mine”. The waiter would not react to that. 
But when he said, “it’s MINE”. The waiter would laugh and talk to him. One participant, 
however, said that one of her colleagues told her that she used stress in Mandarin: 
“Chinese! Because some of them just tell me that they don’t think it’s very common to 
use stress in Chinese but I…I do think I use stress in Chinese so just…maybe in another 
day, just in a daily communication, they found it. Ya, it’s real, I use stress in, even in 
Chinese” (Group 2-Participant 4). 
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Group 3 (cross-MAT) 
 All twelve participants of Group 3 stated that they think they will use what they 
learned in their daily communication. The participants’ motivations are highly consistent. 
They want to avoid being misunderstood by others and they want to have “better 
communication” with native speakers of English.  
 In study visit 2, all of the participants reported that they used what they learned in 
their daily communication. Many people said that they felt like it’s easier for other people 
to understand them. 
“…people can understand my more easily and they can understand my point.” 
(Group 3-Participant 3) 
 
“I HAVE used what I learned in my daily communication. Especially in 
classroom setting. I found it easier for my teachers and my classmates to track my 
logic. Um… easier to make my points more understandable to other people.” 
(Group 3-Participant 5) 
 
“Yes. It’s very useful when I tried to explain to the local. It seems like they… it 
will be much easier for them to understand me and much easier for me to told 
them what I want to say.” 
(Group 3-Participant 6) 
  
Some participants described their experience in applying what they learned.  
P10: It IS useful. It make the people who I spoke to focus more on, on what I am 
going to tell him. The most important thing.  
 
Di: Sounds like an experience, can you describe what happened? 
 
P10: Um… It’s like, when I’m going to the supermarket, I want to find. Um… It’s 
a new supermarket and I’ve never been there before. Um… I want to find, I want 
to find something I forgot what it is, for example like trash bag? I just found the 
staff in the supermarket and asked her like, “excuse me, would you tell me where 
I can find the TRASH BAGS?” If in the past, I will just say, where can I find the 
trash bags. But now I know I should focus on the trash bag, the word, so TRASH 
BAG? So, so the staff will know that, I am focus on finding the trash bag.  
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Di: So the reaction is more position or something? 
 
P10: Yes. More positive. 
(Group 3-Participant 10) 
 
P12: Yes, very useful. And I used it just yesterday, with my lab mate, just in front 
of the science building we are looking for the eclipse and we were talking about 
um… some funny joking and yes. It’s very useful to use this kind of uh…stress. 
 
Di: Is he or she a… 
 
P12: two guy. 
 
Di: Oh. Are they native speakers? 
 
P12: Yes. Native speakers. They are from Texas. 
 
Di: So you used what, what we’ve learned  
 
P12: Ya. We’re talking about how to make a mini-telescope to projecting the 
sunset into a BLACK BOOK in order to watch the partial eclipse very clearly.  
(Group 3-Participant 12) 
 
The participants also provided other comments about the teaching method. For 
example, participant 1 said that, “when you just taught me, it might be hard to process the 
new knowledge of intonation. And then my mind was clearer”. Participant 10 explained 
why he believes the Mandarin part is essential.  
“…if you only present the materials to me in English, because my intonation is 
certainly not as good as the Americans, so when you asked me to listen to English, 
I probably did not know which intonation was good and did not know where to 
place the stress. Then once I heard Chinese, because the Chinese words will have 
an intuitive comparison, I saw it at first glance, Google, Facebook, I saw the 
contrast between these two words right away, and then I know what make the 
sentences different are these two words… after all, it (Mandarin) is the native 
language and then it will reflect quickly. Will say ah these two words should be 
stressed. And then like that, that is, after reading the Chinese I suddenly felt, ah, 
in English, it seems that it should be also be read in that way.” 
(Group 3-Participant 10) 
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Other Comments 
The participants were given chances to provide other comments at the end of each 
study visit. 2 participants in Group 1 (IT) provided comments. One participant thought 
that the teaching method is very time-consuming. Another participant suggested that the 
teaching method would be enhanced if the instructor provides feedback for the learners. 
Three participants in Group 2 (mono-MAT) provided extra comments. Participant 
1 of Group 2 asked if there are relevant teaching materials for her to study. Participant 7 
commented that “awareness” is very important. He said, “sometimes I just don’t have 
awareness…awareness is very interesting. I did not have awareness until I listened to the 
l0 minutes lecture today. Before that, I did not have awareness. I just “know” it. I think 
the cultivation of awareness is very important”.  
Even though not informed of the similarities between Mandarin and English 
sentence stress, participant 4 commented that there are some similarities in English and 
Mandarin and the comparison of these two languages will enhance the teaching method.  
P4: I think this kind of study is meaningful because there are a lot of L2 learners 
and people will try to do this kind of study to know, if there is any influence of 
their L1 on the L2.  
 
Di: So do you think your L1 influence… 
 
P4: Just try to find some similarities that make them realize that both English and 
Chinese, they both use stress to express meanings.  
 
Di: Do you think it will be beneficial or better if we compare English and Chinese? 
 
P4: Better. Because perhaps in some different languages, they do not use stress or 
use different stress to convey their meanings. But in English and Chinese, they 
have a lot of similarities. So if people do this kind of study and tell directly to 
others, they may learn English faster or easier I think. 
(Group 2-Participant 4) 
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Five participants in Group 3 (cross-MAT) provided extra comments. Participant 3 
said that, “I think any English learner should have a class like that”. Participant 6 
commented that, “it will be great if we will let our people learn this at the very beginning 
and keep this in their whole English learning. It will make their pronunciation much 
easier”. Participant 8 said that she wants more questions that are similar to the ones in the 
handout. Participant 12 commented that “Actually it makes me more confident to read 
these sentences”. Participant 4 of Group 3 provided her comments on the use of stress, 
the role of imitation, and the similarities between English and Mandarin sentence stress.  
Di: Do you think Chinese students in general, do you think they are capable of 
doing this, if you ask them to stress, to pay more attention to stress, do you think 
they are capable of doing this. 
 
P4: Yes. I think they are.  
 
Di: Or do you think imitation, like imitating is very important. 
 
P4: So the comparison is that whether they can do it by themselves or whether… 
 
Di: whether there needs to be someone, who… say… for example, says the 
lecture once and the student follows his or her intonation or stress. 
 
P4: I don’t think there needs to be a model. Because it’s similar to the Chinese 
language. It’s like the general grammar rule that you can just learn through one 
example. Like through the example you provided.  
(Group 3-Participant 4) 
 
One participant in Group 3 states that the interlocutor may affect the level that he 
uses prosody in his daily life.  
“I mean it really depends on who am I talking to. Like when I talk to a professor 
or when I talk to a friend, that’s gonna be a different case. When I talk to a 
professor, I want to be more professional, I wanna be respect to them, a typical 
Chinese culture. So I wouldn’t be that dramatic. But when I talk to my friends, I 
want to be fun and I want to show other people my… my interesting personality. 
So I tend to be more, being dramatic and…sarcastic when I pronounce my word 
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and when I talk to them. So people might think Oh this guy is pretty speak good 
English, something like that. But that’s way I’m saying that it depends on who I 
am talking to… “ 
(Group 3-Participant 5). 
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CHAPTER FIVE DISCUSSION AND CONCLUSION 
Improving international students’ intelligibility and comprehensibility through 
effective pronunciation instruction not only helps international students to integrate into 
American classrooms but also helps all students to benefit from a deeper and more 
thorough communication. Effective prosody teaching is essential to this task. Leveraging 
metalinguistic awareness and learners’ L1 in English prosody teaching, this study informs 
effective pedagogy and helps researchers and teachers to develop a better understanding 
of English prosody learning by examining the roles of imitation, metalinguistic awareness, 
and learners’ L1 in Mandarin speakers’ English sentence stress learning.  
 
Discussion 
Imitation in Pronunciation Teaching 
When judged by human raters, the participants who received imitation-based 
teaching (IT) got statistically significantly higher scores in the perceivability and 
placement of their sentence stress only in the read-aloud task after the intervention. 
Participants' stress perceivability and placement in the picture narrative task eliciting their 
spontaneous production had no significant improvement after the intervention. The 
results show that only when the instruction passage is grammatically and syntactically 
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similar to the testing passage would the participants produce sentence stress that is easier 
to be perceived and correctly placed. However, participants do not transfer the use of 
sentence stress to their spontaneous production.  
In the read aloud task, in which raters perceived an improvement, the average 
pitch level and intensity of the stressed constituents all increased, suggesting that 
participants were using a higher pitch level and greater intensity to convey stress. The 
pitch range of participants had no significant change and the duration decreased.  
The interview data show that many participants believed that they would use what 
they learned and participants had strong motivation to use what they learned. However, 
participants could not apply what they learned using the imitation method in their daily 
lives.  
Imitation has been used widely by many English teachers. The findings of this 
study show that the efficacy of imitation-based teaching, however, is quite limited. There 
are many possible reasons that account for this limitation. 
The difference between segmental and suprasegmental features poses a significant 
challenge for participants to use what they learned using the imitation method in their 
daily communication. Having learned segmental features, which could be memorized and 
applied to different contexts, learners may assume that prosodic features such as sentence 
stress should also be memorized and could be applied to different contexts. However, due 
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to the dynamic nature of prosody, prosodic features and patterns are not conducive to 
being memorized. As one participant commented, “It's hard to catch and memorize the 
stress in people's daily conversation” (Group 1-Participant 8). Even though learners 
memorize some prosodic patterns, they still would not be able to apply them in their daily 
communication. As one participant said, "…in the daily talk, we don't have other one to 
let you read sentence after him" (Group 1-Participant 5). Under this circumstance, 
learners will try to find rules that guide them on how to apply what they learned. 
Unfortunately, they "couldn't find any RULE or rule-based things from that lecture” 
(Group 1-Participant 7).  
Furthermore, the differences between the structure of the instruction materials and 
participants’ daily conversation lead to limited opportunities to use the prosodic patterns, 
which causes frustration and stops learners’ attempts to apply what they learned. As one 
participant said when he was talking about his opinion of pronunciation learning: 
P9: I have to memorize the feeling of reading some sentences, phrases, or usage, 
etc. Then really, just use it once. It doesn’t matter if I use it in writing, or reading, 
or communication with others. As long as I can use it once or twice. I think I can 
basically grasp the idea and use it naturally. 
 
Di: So have you found a chance to use what you learned last time? 
 
P9: Not that I am aware of. 
(Group 1-Participant 9) 
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Another issue that hinders the application of what learners learned through 
imitation is the lack of awareness of the importance of the prosodic features. Some 
learners were reluctant to change their "ways to speak" because they have been told that, 
"As long as they (native speakers of English) can understand you, that's great....your 
accent is actually your...you know, like the expression of your individualism...”  (Group 
1-Participant 3). This response shows that some learners are mixing intelligibility and 
accent. Indeed, learners do not need to change their accent. However, it is important that 
they enhance their intelligibility through effective use of some prosodic features. This 
response also reveals that some learners consider the use of prosody as an option whereas 
in fact the appropriate use of certain prosodic features (e.g. sentence stress) is essential in 
some cases because it affects the meaning of the sentence.  
Even keeping on practicing the method is challenging for learners because they 
cannot see improvement. One participant talked about her experience trying to use the 
imitation method in her life, “I have used it before, … The reason why I gradually 
stopped practicing is I…I didn’t see um… obvious result in a short time so it’s hard to 
keep on” (Group 1, Participant 2).  
Cultural issues may exacerbate the situation. Having been taught to respect 
teachers, Chinese students rarely attribute the lack of improvement to teachers or the 
teaching method teachers use. Many participants believed that they did not see 
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improvement because they were not practicing enough. Some participants also attribute 
the failure in applying what they learned to the lack of opportunity to communicate with 
native English speakers. 
To conclude, the efficacy of imitation-based prosody teaching is highly limited. It 
may work for some commonly used short phrases that can be memorized and used 
commonly in learners’ daily conversation (e.g., “thank you,”, “what’s up?”, etc.). But 
when it comes to more sophisticated and dynamic features such as sentence stress, it is 
extremely difficult for learners to apply what they learned in the classroom to their daily 
conversations. To enhance imitation based prosody teaching, teachers may include 
feedback for individual students. Furthermore, repetition is a strategy that can enhance 
imitation. As a participant said when he talked about the difference between the kind of 
imitation-based pronunciation teaching his previous teacher used and the teaching 
method used in the current study. 
P10: Then he (English teacher) asked us to learn his pronunciation. He said one 
sentence, and then we said one sentence, he said one sentence and then we said 
one sentence. But you used a different method, I personally think you have taken 
three steps. He took one step, he just let us read after him, sentence by sentence. 
After the reading, I don’t know what to do. But the way you used is that you let 
use read the lecture first in our own, previous language habit, and then read it with 
this audio and learn her pronunciation. After the learning, you let us read the 
previous materials. When I was reading, I found some problems I had in 
pronunciation, and some problems of the intonation of sentences. So I would 
correct myself during my reading. And not just, like reading after the teacher. He 
read one sentence and I read one sentence. And I don’t know what I was reading 
after reading. 
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Di: So you think if you follow the teacher, he reads one sentence and then you 
read one, you think it’s useless. 
 
P10: Yeah, because I think I just learned from him. 
 
Di: If you read first by yourself, and then imitate someone, and then reflect on 
it… 
 
P10: Yes, I think this is useful. Because I think you divided it into three steps. It is 
a control. Then I corrected myself during my reading, rather than the teacher 
helping me to correct it. This is my personal understanding. 
(Group 1, Participant 10) 
Metalinguistic Awareness in Pronunciation Teaching 
The results of this study suggest that the monolingual metalinguistic awareness-
based pronunciation teaching (mono-MAT) is effective in the read-aloud task but not the 
picture narrative task. When judged by human raters, the participants who received 
mono-MAT got statistically significantly higher scores in the perceivability and 
placement of their sentence stress in the read-aloud task after the intervention. However, 
participants' scores in the perceivability and placement of their sentence stress in the 
picture narrative task, which elicits their spontaneous production, had no significant 
improvement.  
The speech analysis data confirm the effectiveness of mono-MAT in the read-
aloud task. Specifically, the average pitch level, pitch range and intensity of the stressed 
constituents increased significantly, suggesting that participants used higher pitch level, 
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expanded pitch range, and increased intensity to signal stress. Participants’ duration had 
no significant change after the intervention. Even though there was no significant 
improvement in participants’ spontaneous production elicited using the picture narrative 
task in the tests, some participants indicated that they used what they learned in their 
daily lives in the interviews. Such cases were not reported by the participants who 
received imitation-based teaching. 
Metalinguistic awareness enhancement teaching (MAT) helps learners to be 
aware of the importance of English prosody. As a participant said, "I think it's helpful … 
um…cause not many people will realize that there are intonation and stress in a sentence 
until you teach them that there is something like this beside the structure. So, it's helpful 
to let people realize that in English there are certain structures like this" (Group 2, 
Participant 9). By raising learners' awareness of prosodic features and establishing 
connections between prosody and meaning, the metalinguistic awareness-based 
instruction helps learners to pay more attention to the prosodic features that they 
previously overlooked. As one participant said, "before I did not pay attention to the 
special words in a sentence, but those words are very important in the sentence and are 
reference to the sentence meaning. So, after I pay more attention to those words. I think 
the meaning can easily be understood and easily spoken" (Group 2-Participant 6).   
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However, the results also suggest that the mono-MAT has certain limitations as 
there is no statistically significant improvement in participants' use of sentence stress in 
the picture narrative task, which elicits their spontaneous production.  
The failure in applying the use of sentence stress to spontaneous production 
suggests two difficulties. First of all, learners may find it difficult to apply what they 
learned due to the complexity of sentence stress and the lack of generalizable rules. For 
instance, a teacher may tell her students that new information in a sentence should be 
stressed and old information should not be stressed. The teacher may also tell her 
students to stress the contrastive information. When learners are trying to apply the rules 
in their daily communication, however, they may encounter some difficulties. For 
example, in the sentences “Individualism concerns the placing of personal goals ahead of 
group goals. And collectivism concerns placing group goals ahead of personal goals.”, 
the words “group” and “personal” in the second sentence should be stressed based on the 
fact that they are contrastive. However, these two words have been mentioned in the 
previous sentence so they are “old” information that should not be stressed. In this case, 
learners may experience difficulty in using English prosody even if they are consciously 
aware of some rules. 
Another issue is that learners do not see the necessity of using what they learned 
in their daily lives. In other words, even though learners cognitively understand the 
  
135 
importance of sentence stress, they will not change their prosody unless they are asked to 
do so or there are signs of misunderstanding or miscommunication. This may due to 
learners’ skewed perception. For example, one participant talked about the way that his 
teacher taught him pronunciation, "[m]y English teacher in my senior high school, she 
really paid attention about pronunciation, but she had a really bad pronunciation. She 
cannot give us an example. Or she likes to give us example, but it's a bad example" 
(Group 3-Participant 7). This could also happen because of learners’ misconception of 
the norm in English. For example, in study visit 2, participant 10 talked about the reason 
why she did not use what she learned. She said even though she "admits it takes longer 
time for the audience to figure out what the point of this sentence is without any 
intonation," she just felt it is "very natural to me without any intonation." She also said 
that "[o]nly if um… I… like people misunderstand what I am saying will I realize that I 
put the wrong emphasis on the sentence. Otherwise, I will just use normal tone, like 
putting no emphasis on the sentence" (Group 2-Participant 10).  
To conclude, metalinguistic awareness is essential to English prosody teaching 
because it not only requires learners to pay attention to specific prosodic features but also 
provides a rationale and motivation for learners to use what they learned. Without this 
rationale and motivation, learners would not use what they learn even if they are capable 
of doing so. However, simply raising learners' metalinguistic awareness in the target 
  
136 
language may not be sufficient to foster learners’ spontaneous production of English 
prosody as learners may find it difficult to apply what they learned due to the lack of 
generalizable rules and their misconception of the norm in English. 
L1 (Mandarin) Prosody in Pronunciation Teaching  
The results of this study show that metalinguistic awareness-based pronunciation 
instruction given in both the target language (English) and the participants' first language 
(Mandarin) is very effective.  
When judged by human raters, the participants who received cross-MAT got 
statistically significantly higher scores in the perceivability and placement of their 
sentence stress in the read-aloud task. Participants also achieved statistically significantly 
higher scores in the perceivability and placement of sentence stress in the picture 
narrative task, suggesting that learners successfully applied the improved perceivability 
and placement of sentence stress to their spontaneous production.  
The speech analysis data confirm the effectiveness of cross-MAT in the read-
aloud task as the average pitch level, pitch range, and intensity of the stressed 
constituents increased significantly. Even though the duration of the stressed constituents 
decreased significantly, this decrease may due to the increase of fluency. Because some 
of the stressed words are multisyllabic words, participants might read these words slower 
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in the pretest and read them faster in the posttest and delayed posttest after they got more 
familiar with the words, resulting the reduced length of the stressed constituents. 
Participants in the cross-MAT group are the only group of participants that 
successfully applied what they learned to their spontaneous production. Many 
participants in this group also talked about their experience using sentence stress in their 
daily lives. All of these results suggest that the cross-MAT is helpful to the learners and 
is more effective than the imitation-based teaching (IT) and the mono-MAT.  
Cross-MAT is beneficial for many reasons. First of all, similar to mono-MAT, it 
points out the importance of using prosodic features by establishing connections between 
prosody and meanings, providing learners the rationale and motivation to use what they 
learned. It also asks learners to pay specific attention to certain features, making it 
practical for learners to use what they learned.  
Compared to mono-MAT, cross-MAT is advantageous in two aspects. First, by 
pointing out the similarities between English and Mandarin sentence stress, the teaching 
method provides learners an applicable reference when they are uncertain about the 
sentence stress usage or are less confident in using English sentence stress. For instance, 
if a teacher asks learners to stress "new" information in their speech and use their L1 as a 
reference, even though learners may find it difficult to determine if something is "new" or 
"old," they could use their L1 as a reference. One participant in Group 3 said, “[a]ctually 
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it (cross-MAT) makes me more confident to read these sentences” (Group 3, Participant 
12). Another participant also talked about the importance of L1, "when you have a 
reference in your language, you feel like you have a basis. This is going to guide you, to 
let you know how to read and stress when you are reading English" (Group 3-Participant 
9).  
Cross-MAT also increases learners’ sensitivity to prosodic features and helps 
learners to see the necessity to use appropriate sentence stress in their daily lives. 
Providing examples in learners' L1, cross-MAT allows learners to experience or feel what 
native speakers would feel like if the speaker uses inappropriate prosodic features. For 
example, when participants were asked to rate the naturalness of English sentences with 
misplaced sentence stress (e.g. In our discussion of social media, we have been 
discussing Facebook’s creation, now let’s talk about Facebook’s marketing.), a lot of 
them said that it sounds OK. However, when the same sentence was presented to them in 
Mandarin, all of them commented that the sentence sounded very unnatural and they 
could explain why the sentence sounded unnatural to them (i.e., the sentence stress is 
misplaced). In this way, cross-MAT convinces learners that prosody is not decorative, it 
has specific functions and should be used when they are speaking in English. As 
explained by a participant in the interview: 
“…if you only present the materials to me in English, because my intonation is 
certainly not as good as the Americans, so when you asked me to listen to English, 
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I probably did not know which intonation was good and did not know where to 
place the stress. Then once I heard Chinese, because the Chinese words will have 
an intuitive comparison, I saw it at first glance, Google, Facebook, I saw the 
contrast between these two words right away, and then I know what make the 
sentences different are these two words… after all, it (Mandarin) is the native 
language and then it will reflect quickly. Will say ah these two words should be 
stressed. And then like that, that is, after reading the Chinese I suddenly felt, ah, 
in English, it seems that it should be also be read in that way.” 
(Group 3-Participant 10) 
  To conclude, cross-MAT is effective because it not only helps learners to see the 
importance of prosody by associating prosody to the meanings/implications of sentences, 
but also provides learners an applicable strategy (i.e., transfer) and a reference (i.e., 
learners’ L1). However, not all languages share similar prosodic features and functions 
with English. When using cross-MAT, teachers should consider the similarities and 
differences between the prosody of learners’ L1s and English. 
Metalinguistic Awareness Based Prosody Learning Model 
 The findings of this study suggest that the successful application of a linguistic 
feature (i.e., sentence stress), is governed by multiple factors. Based on the findings of 
the current study, a metalinguistic awareness-based prosody learning model can be 
summarized as followed. 
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Figure 47. Metalinguistic Awareness-Based Prosody Learning Model  
 
Based on this model, imitation-based prosody teaching (IT) assumes that learners 
can detect the difference between marked and unmarked samples and focuses on the 
imitation of the target-like linguistic patterns.  
Monolingual metalinguistic awareness-based prosody teaching (Mono-MAT) 
assumes that learners not only can detect the difference between marked and unmarked 
samples but also can successfully imitate the target-like patterns. Mono-MAT thus 
focuses on associating target-like linguistic patterns with meanings and functions. Mono-
MAT also touches upon the application part, but is incomplete due to the lack of 
generalizable rules. 
Perception • detect	the	difference	between	marked	and	unmarked	samples
Imitation • sucessfully	imitate	target-like	linguistic	patterns
Functions • associate	target-like	linguistic	patterns	with	meanings	and	functions
Application • apply	target-like	linguistic	patterns	with	awareness
Sensitivity • develop	sensitivity	to the	linguistic	structure/feature	
Production • produce	linguistic	structure/feature	spontaneously
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Crosslinguistic metalinguistic awareness-based prosody teaching (cross-MAT) 
shares the same assumptions with mono-MAT: learners can not only detect the difference 
between marked and unmarked samples but also successfully imitate the target-like 
patterns. Also, cross-MAT associates target-like linguistic patterns with meanings and 
functions. Furthermore, cross-MAT uniquely provides learners a strategy (i.e., 
crosslinguistic transfer) to apply what they learned and increases learners’ sensitivity by 
letting them feel how native speakers of English perceive the sentences with sentence 
stress missing or misplaced. Therefore, cross-MAT is the most successful pedagogy. 
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Implications 
Crosslinguistic Investigation and Comparison of Prosody 
Ip and Cutler (2016) concluded “Information structure is a linguistic universal… 
Prosody may play a universal role as a medium through which speakers can express focus, 
even though its use may vary widely – from languages where prosody is largely ignored 
for this purpose, to languages where it is the only way focus is expressed, with many 
cross-language differences in the precise way in which the parameters of prosody are 
used for this purpose” (p, 330). Leveraging learners’ L1 prosody into the learning of L2 
prosody by comparing the similarities or differences across language raises learners’ 
awareness of the importance of prosody and can possibly provide learners a reference for 
prosody use when there are similarities between learners’ L1 and L2. This study thus 
encourages researchers to explore the pragmatic functions of prosody crosslinguistically. 
This study also requires researchers to reconsider the relationship between meaning-
making, pragmatic functions, and different semiotic systems of languages.  
One myth in second language phonology is the false dichotomy of tone language 
and intonation languages. Because tone and intonation share the same physical 
correlation – fundamental frequency (F0), some people might assume that tone language 
does not make use of intonation or the intonation systems in tone languages are 
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drastically different from the intonation of English. The findings of this study break the 
tone- versus intonation-language dichotomy myth by demonstrating that the pragmatic 
functions of a prosodic feature (i.e., sentence stress) in a tone language (i.e., Mandarin) 
resembles the pragmatic functions of sentence stress in English. Such similarities 
between a tone language (i.e., Mandarin) and an intonation language (i.e., English) can be 
used to facilitate English prosody learning.  
The findings of the current study also acknowledge the importance of viewing 
prosody as a multidimensional system with a hierarchical structure. Thus, a difference at 
the lexical level (e.g. tone versus nontone language) does not necessarily lead to 
differences at the phrasal or discourse level. When researching prosody and teaching 
prosody, researchers and teachers should be aware of the complexity of prosody and 
avoid overgeneralization of prosodic features and functions.  
Last but not the least, this study acknowledges the importance of consciousness 
and awareness in the transfer process of skills by showing that transferring of the usage 
of a feature that is used mostly unconsciously could be prompted with the enhancement 
of awareness. This leads us to think beyond prosody transfer and consider the possibility 
of transfer across other skills. 
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Pronunciation Teaching 
Learners are capable of imitating and demonstrating target-like prosodic patterns. 
For instance, one participant talked about her experience mimicking her teachers' 
pronunciation to make fun of her teacher: “When our teacher actually forced every 
student to pronounce like she does, everyone can do it, everyone can do it just fine. And 
when people are making fun of our teacher’s accent, everyone did it so well.” (Group 1- 
Participant 12). 
 Based on this assumption, merely asking learners to imitate the target-like 
prosodic patterns will not help them to use prosody in their daily lives. The findings of 
the current study suggest that, to foster spontaneous production, teachers need to enhance 
learners’ metalinguistic awareness by associating prosody with meanings/implications of 
sentences. Furthermore, teachers can also enhance learners’ metalinguistic awareness by 
leveraging learners’ L1 into English prosody teaching. 
This finding of the current study reveals the need for more thorough teacher 
education. For instance, even though it is acknowledged by most scholars and some 
teachers that the focus of pronunciation teaching shifted from segmental teaching to a 
more holistic approach that includes both segmental and suprasegmental features, some 
teachers in China are still focusing on segmental features. Similarly, although the goal of 
production teaching changed from accent reduction to the enhancement of intelligibility 
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and comprehensibility, many participants still indicated that they want to "reduce” or “get 
rid of” their accents and they want to "correct” their pronunciation. 
The findings of the current study also suggest that the terminology system of 
prosody may hinder the effective learning of prosody. For instance, some participants 
used the term "tones" to refer to individual sounds; other participants used the word 
"tones" to refer to intonation. Such misuse of terms may lead to ambiguity in 
conceptualizing prosodic features, creating more difficulties in learning the complex 
system of prosody. 
ITAs and NNESTs 
International teaching assistants’ (ITAs’) pronunciation has been found to be 
"flat" and "monotonous" (Pickering, 2001, Wennerstrom, 1998). ITAs' lack of 
pronunciation proficiency may hinder effective classroom communication. By informing 
best pronunciation pedagogy, this study helps ITAs to improve intelligibility, enhancing 
the effectiveness and efficiency of classroom communication between domestic students 
and ITAs.  
Murphy (2014) states, "Many NNESTs [non-native English-speaking teachers] 
are reluctant to teach pronunciation because they feel insecure about the quality of their 
own pronunciation. However, when NNESTs feel reluctant to teach pronunciation, the 
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field as a whole suffers" (p.205). By increasing awareness of the potential for positive 
transfer between learners' L1s and the target language, the current study acknowledges 
NNESTs' advantage in pronunciation teaching. Thus, this study encourages NNESTs to 
incorporate pronunciation teaching into their classroom. 
Transfer of Prosodic Features 
Based on Bowen, Stockwell, and Martin’s Hierarchy of Difficulty (as cited in 
Gass & Selinker, 2008, p. 101), transfer of some prosodic functions such as focus from 
Mandarin to English should be the easiest level: Correspondence (i.e., two languages use 
the feature in roughly the same way).  
However, this transfer of prosodic functions is not observed (Pickering, 2004; 
Wennerstrom, 1998). Cruz-Ferreira (1987) suggests that differences between languages 
may account for the lack of transfer but Mandarin and English use similar prosodic 
features to realize similar pragmatic functions.  
 Some reasons may account for the lack of transfer. The most plausible 
explanation for this research oversight is that, because Chinese (a tone-language) and 
English (a non-tone language) prosodic systems differ drastically at the lexical level, 
teachers and learners assume that the prosodic functions at the phrasal and discourse 
levels are also different. This belief affects teachers’ and learners’ practice. Furthermore, 
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teachers and learners might have overemphasized the differences of the pitch pattern (e.g. 
rise-fall or fall-rise) but overlooked the similarities in pitch range expansion and intensity 
increase.  
Cognitive factors may also hinder the transfer of prosodic features across different 
languages as the lack of transfer from L1 to L2 is not language specific. Li and Post 
(2014) investigate transfer of L1 rhythmic patterns from Mandarin and German to 
English and find that, “even though the lower level L1 German learners showed as much 
final lengthening in their native speech as the English native controls, they did not do so 
in their L2 English” (p. 246). When speaking in L2, learners may allocate a significant 
amount of cognitive resources to grammar and vocabulary and pay less attention to 
prosody, which is built upon the comprehension of the discourse. Therefore, it is 
important to increase automaticity of prosody production by increasing learners’ 
awareness of prosody and their sensitivity to prosodic features. 
 
Limitations and Recommendations 
The current study has certain limitations. First of all, the findings of this study are 
based on 48 participants and the sample size of each group is relatively small. The 
findings of this study should be confirmed by including more participants for each group. 
Furthermore, only six raters were recruited to judge participants' use of sentence stress in 
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the human perception task. More raters are needed to confirm the results of the raters' 
perception. 
The instruction method investigated in this study could also be elaborated. For 
example, the passage used for the imitation-based (IT) method in the current study has 
similar grammatical and syntactical structure with the testing passage. Future study 
should investigate if the method is effective when the instruction passage and the testing 
passage have different structures. Besides, the metalinguistic awareness enhancement 
teaching (MAT) method does not include imitation. Future study should investigate if 
MAT would be enhanced if instructors include imitation as a part of the instruction. 
Finally, the instruction of this study is a one-time instruction in a lab setting. Future study 
should investigate the effectiveness of the teaching methods in a classroom setting over a 
relatively extended period (e.g., one or two semesters).  
The results show that contrary to the expectation, the duration of participants’ 
stressed constituents decreased. The decrease of duration may due to the increase of 
fluency. When participants were unfamiliar with the multisyllabic words in the pretest, 
they might read them slower. When they were familiar with the multisyllabic words in 
the posttest and delayed posttest, they might read the words faster. To test this hypothesis, 
statistical analysis comparing the duration of stressed and unstressed constituents could 
be conducted. However, the syllable structure of the unstressed constituents in the read 
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aloud materials used in the current study is not as complex as that of the stressed 
constituents. Future studies comparing the duration of stressed and unstressed 
constituents using other testing materials should be conducted to verify this hypothesis. 
This study has three tests: pretest, posttest, and delayed posttest. The delayed 
posttest is conducted approximately two weeks after the pretest and posttest. A 
longitudinal study investigating the development of participants' ability to use sentence 
stress is preferred to confirm the findings of this study and investigate the long-term 
effects of imitation, metalinguistic awareness, and leveraging L1 prosody in the learning 
of English prosody.   
This study only investigates the effectiveness of Mandarin based cross-MAT. 
Research is needed to explore cross-MAT based on other languages. For the languages 
that share similar prosodic functions with English, teachers may take advantage of the 
similarities and leverage learners' L1s in their English prosody learning. For the 
languages that do not share similar prosodic functions with English, teachers may raise 
learners’ awareness of English prosody by pointing out the differences between the 
prosodic features of English and learners' L1s. 
At the end of this dissertation, I would like to invite all researchers and language 
teachers to keep our eyes and minds open and to design and explore effective teaching 
methods beyond our beliefs, cultures, and languages.
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Appendix A: Autobiographical Information Questionnaire  
1. Name____________ 
 
2. Gender (choose from options) Male   Female 
 
3. Age______________ 
 
4. TOEFL/IELTS score ______________ 
 
5. When did you take TOEFL/IELT? __________________ 
 
6. TOEFL/IELTS speaking score (choose from options) 0-9   10-17   18-25   26-30 
 
7. TOEFL/IELTS listening score (choose from options) 0-14   15-21   22-30 
 
8. What is your major? ________________ 
 
9. What is the highest degree you have obtained? ____________________ 
 
10. What is your native language? _____ 
 
11. What dialect of your native language do you speak? ____ 
 
12. How did you learn English? ______________ 
 
13. How long (in years) have you been learning English? ___________ 
 
14. How long (in years) have you been living in an English-speaking country/region? ___ 
 
15. Except your native language and English, what other languages do you speak? What 
levels are they? __________ 
 
16. Approximately what percentage of time do you speak English each day (as opposed 
to your native language)? 
 
Choose one: 0-20%  20%-40%  40%-60%  60%-80%  80%-100% 
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17. Do you play any musical instruments? If yes, how long have you been practicing? 
 
18. Are you a teaching assistant, or have you been a teaching assistant before? If so, what 
course(s) did you teach and for how long? 
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Appendix B: Read Aloud Task Material  
(Adapted from Hahn, 2004) 
 
Instruction: In the following task, you will see a prepared lecture script. Please read 
through the lecture script first, familiarize yourself with the lecture script and 
deliver it naturally. Please feel free to mark up the texts any way you want and ask 
the researchers any questions you have.  
 
I will start by defining the topic for today, which is individualism and collectivism. 
Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals. So let’s suppose you 
have a conflict at work about break time. Let’s say your co-workers want longer breaks, 
but you want shorter breaks. If you’re a collectivist, you’ll give in to the group. But if 
you’re an individualist, you’ll go against the group. 
 
First of all, there are many determinants of individualism and collectivism. 
Culture is a determinant, but it’s only one of the determinants. But let me start with 
culture. Basically, the European cultures, particularly those in northwestern Europe, are 
highly individualistic. England is in northwest Europe, and it’s typical of the individualist 
pattern. And the East Asian cultures, such as China and Japan, are much more typical of 
the collectivist pattern. But in between, you have different combinations of the patterns. 
And I’ll discuss that in a minute. But let me mention some other determinants of 
individualism and collectivism. 
 
One determinant that’s very important is social class. There’s a tendency for the 
upper classes to be more individualistic than the lower classes. In other words, people at 
the top of a social structure are more likely to think and behave like an individualist than 
those near the bottom of the structure. For example, if you look at the history of China, 
the emperor of China is more individualistic than the working class in China. So certain 
classes in a culture may be more individualistic than the entire population in a culture. 
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以下您将会看到一篇关于个人主义与集体主义的文章。请先通读并熟悉这篇文章。
之后请用中文把这篇文章读出来。您可以以任何方式标注文本。如果您有任何问
题，请向研究人员提出。 
 
在这节课的开始呢，我们首先来定义一下今天要讨论的主题，个人主义和集
体主义。个人主义者把个人的目标置于集体的目标之上，集体主义者把集体的目标
置于个人的目标之上。假设你和你的同事们对于休息的时间产生了分歧。比如说你
的同事们都想要比较长一些的休息时间, 但你想要比较短一些的休息时间。如果你
是集体主义着，你会听从集体的安排，但如果你是个人主义者，你会反对集体的安
排。 
 
首先，决定个人主义与集体主义的因素有很多。文化是一个因素，但只是众
多因素之一。那么让我们从文化开始讨论。基本上，欧洲文化，尤其是西北欧的文
化，是高度个人主义的。英国在西北欧，它就是典型的个人主义模式。而东亚文化，
如中国和日本，则是更为典型的集体主义模式。但在这两种模式之间呢，你还会看
到不同的模式组合，这一点我很快就会讨论到。在这之前呢，我们首先来看一看其
他决定个人主义与集体主义的因素。 
 
一个非常重要的决定因素是社会阶层。 上层阶级比下层阶级更具个人主义
倾向。换句话说，社会结构顶端的人比社会结构底端的人更有可能像个人主义者一
样思考和行动。举例来说，如果你看中国的历史，中国的皇帝比中国的工人阶级更
加的个人主义。因此，一个文化中的某些阶层可能会比这个文化中所有的人更具个
人主义性。 
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Appendix C: Picture Narrative Task Prompt  
(Adapted from Derwing, Munro, Foote, Waugh, & Fleming, 2014) 
 
Instruction: In the following task, you will see a set of 8 pictures that describe a 
single story. Please take a couple of minutes to look at the pictures, and then if you 
have any questions, you can ask the researchers. When you are ready, we would like 
you to tell the story in English. 
 
以下您会看到一组描述单个故事的 8 张图片。 请花几分钟时间看一下这些图片，
如果您有任何问题，可以问研究人员。 当您准备好了，请您用中文讲述一下这个
故事。 
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Appendix D: Intervention for Imitated-Based Prosody Teaching  
 
Instruction: In the following task, you will hear a lecture given by a native English 
speaker. First listen to the lecture once and ask the researchers any questions if you 
have. Then listen to the lecture again sentence by sentence and repeat each sentence 
after the speaker. When you repeat the lecture, imitate the speaker’s pronunciation 
and intonation. 
 
Let’s begin our class by defining today’s topic, which is capitalism and 
communism. Under capitalism, individuals are above the society. But under communism, 
the society is above individuals. Now let’s image that you own a company and you need 
to decide the price of your products. Let’s say the government wants a lower price but 
you want a higher price. If you are in a communist society, you will obey the government. 
But if you are in a capitalist society, you will challenge the government.  
 
There are many determinants of capitalism and communism. Country is a 
determinant and it’s one of the most important determinants. So let’s begin by talking 
about countries. Generally, the western countries, including those in Europe and North 
America, are more likely to be capitalistic countries. The United States is in North 
America, and it is typical of the capitalist structure. And the Asian countries, such as 
China and North Korea, are much more typical of the communist structure. Other than 
these countries, you may find some formerly communist countries. And we’ll discuss that 
later. But let's discuss some important differences between capitalism and communism 
first. 
 
A significant difference between capitalism and communism is the distribution of 
wealth. In a capitalist country, the upper classes have more control of wealth than the 
lower classes. In other words, people of a higher social class own more resources than 
people of a lower social class. For example, if you look at the social structure of the 
United States. The ruling class is much wealthier than the working class in the United 
States. So certain classes may have more control over resources than other people in a 
capitalistic society. 
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Appendix E: Intervention for Metalinguistic Awareness-Based Prosody Teaching 
Introduction 
Today we are going to talk about sentence level stress. Within a sentence, some words are 
usually longer, louder, and higher in pitch. These words are the stressed words. Now 
listen to the following sentences: 
 
1. The professor didn’t grade your exam. 
2. The professor didn’t grade your exam. 
3. The professor didn’t grade your exam. 
4. The professor didn’t grade your exam. 
 
The word “professor” in the second sentence, “your” in the third sentence, and “exam” in 
the fourth sentence are longer, louder and higher in pitch. These words are stressed words.  
 
中文中其实也有类似的情况。英文之中的“stress”对应了中文之中的“强调”或
者“重音”。中文里面的重音也同样比较长，比较响亮，并且音高比较高。下面让
我们把这些句子换成中文 
 
1. 教授没改你的卷子。 
2. 教授没改你的卷子。 
3. 教授没改你的卷子。 
4. 教授没改你的卷子。 
 
第二个句子中，重音落在“教授”这个词上，第三个句子，重音落在“你的”这个
词上，第四个句子中，重音落在“卷子“这个词上。 
 
Instruction  
Imagine you are taking a university course in your major field. In addition to the course 
professor there is also a teaching assistant. In addition to several small quizzes there are 
also some larger exams. You haven’t received your grade yet, so you ask the teaching 
assistant, “have the exams been graded yet?”. Listen to these responses. In your own 
words, tell us what the response means or write down the meanings on your handout. 
 
1. The professor didn’t grade your exam. 
2. The professor didn’t grade your exam. 
3. The professor didn’t grade your exam. 
4. The professor didn’t grade your exam. 
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If the students cannot figure out the different meanings/implications, the following 
explanation will be given: 
In, “The professor didn’t grade your exam”, the TA means, “no, the exams haven’t been 
graded”. In, “The professor didn’t grade your exam”, the TA means, “yes, the exams have 
been graded but not by the professor”. In, “The professor didn’t grade your exam”, the 
TA means, “some exams have been graded, but not yours.” In, “The professor didn’t 
grade your exam”, the TA means, “some of your other assessments have been graded, but 
not the exam”. 
 
From this example we can see that changing the sentence stress alone can change the 
meaning or implication of a sentence. Now let me ask you three questions: (1) Before this 
study, have you paid attention to intonation and stress when you were listening to other 
people speaking in English? (2) Before this study, have you used intonation and stress to 
convey a particular meaning or implication when you were talking to other people in 
English? (3) Do you think Mandarin uses intonation and stress to realize the same 
function? 
 
让我们来想象一个与英文中相同的场景。你上的某一门课有教授和助教。这门课有
作业、小测、论文还有考试。你还不知道考试的成绩所以你去问助教卷子改了没有。
那么让我们再来听一遍中文的这几个句子，听完之后，请告诉我们在中文中这几个
句子的含义或在讲义上写出这几个句子的含义。 
 
If the students cannot figure out the different meanings/implications, the following 
explanation will be given: 
 
如果助教说，“教授没改你的卷子”那么卷子没有改。如果助教说的是，“教授没
改你的卷子”那么助教的意思是卷子助教已经改了，但是教授还没有改。如果助教
说的是，“教授没改你的卷子”，他的意思是教授改了一些人的卷子但是没改你的。
如果主角说的是，“教授没改你的卷子”， 他的意思是教授改了你的其它作业但是
没改你的卷子。因此，仅靠改变句子的重音，我们就可以改变句子的含义。那么我
要问你几个问题：（1）在参加这项研究之前，当别人在说中文的时候，你会不会注
意到这些不同的含义？（2）在参加这项研究之前，当你在说中文的时候，你会不
会用重音来表达不同的意思？（3）在参加这项研究之前，你有没有注意过中文和
英文的语音语调有相同的作用？ 
  
Now let’s look at another function of sentence level stress. Imagine that you are taking a 
class and the professor has been talking about social media. This is the beginning of a 
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class. Listen to 4 sentences. In your handout, indicate the naturalness of these 4 sentences 
(1 means very unnatural and 5 means very natural). For the sentence(s) that you find 
unnatural, please indicate the reason(s). You may listen to each sentence twice. 
 
1. In our discussion of social media, we have been discussing Facebook’s creation, now 
let’s talk about Facebook’s marketing. 
 
2. In our discussion of social media, we have been discussing Facebook’s creation, now 
let’s talk about Google’s creation. 
 
3. In our discussion of social media, we have been discussing Facebook’s creation, now 
let’s talk about Google’s creation. 
 
4. In our discussion of social media, we have been discussing Facebook’s creation, now 
let’s talk about Facebook’s marketing. 
 
If the students cannot figure out the different meanings/implications, the following 
explanation will be given: 
When the professor gives a lecture, she uses different stressed words to help her listeners 
to predict what she is going to say next. For example, if she says, “in our discussion of 
social media, we have been discussing Facebook’s creation”, the professor is probably 
going to talk about another social media site, a different one. For example, she may say, 
“In our discussion of social media, we have been discussing the Facebook’s creation. 
Now let’s talk about Google’s creation”. If the professor says, “In our discussion of social 
media, we have been discussing the Facebook’s creation”, she is probably going to talk 
about something else about Facebook. She may say, “in our discussion of social media, 
we have been discussing Facebook’s creation, now let’s talk about Facebook’s marketing. 
Sentence stress serves as a navigation guide to help the listeners follow the intentions of 
the speaker. If the stress is misplaced or missing, as in the other two sentences, it will 
cause extra work for the listeners to follow the speaker.  
 
Now let me ask you some questions: (1) Before this study, when you listened to English 
lectures, did you pay attention to the use of sentence stress? (2) Before this study, when 
you gave presentations or lectures, did you pay attention to the use of your sentence stress? 
(3) Have you been aware that your audiences were using stress to predict what you were 
going to say next? （4）Do you think Mandarin uses intonation and stress to realize the 
same function? 
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那么中文中我们是否有同样的应用呢？让我们想象一个相同的场景。假设你的教授
在大众媒体这个话题，以下是几个教授在刚开始讲课的时候说的句子，听这几个句
子，在你的讲义上指出你觉得这几个句子是否自然 （1 为非常不自然，5 为非常自
然）。对于那些你感觉不自然的句子，请写出你觉得它（们）不自然的原因。 
 
1. 在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现在让我们来讨论脸
书的营销。 
2. 在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现在让我们来讨论谷
歌的创立。 
3. 在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现在让我们来讨论谷
歌的创立。 
4. 在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现在让我们来讨论脸
书的营销。 
 
If the students cannot figure out the different meanings/implications, the following 
explanation will be given: 
 
同样的，在中文中，教授讲课的时候会用不同的重音来帮助学生提前判断接下来老
师要讲授的内容。比如说，当教授讲，“在之前对大众媒体的讨论中呢，我们讨论
了脸书的创立”。根据教授的重音，学生会判断接下来教授应该会讲其它的大众媒
体的创立，例如说，”在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现
在让我们来讨论谷歌的创立”。那么如果教授说，“在之前对大众媒体的讨论中呢，
我们讨论了脸书的创立”。根据教授的重音，学生会认为教授将要讲脸书的别的方
面，例如说，“在之前对大众媒体的讨论中呢，我们讨论了脸书的创立。现在让我
们来讨论脸书的营销。那么当这些重音被错用或者是没有重音的时候，听者就会
更难把握教授的意图。那么通过这个练习我们可以看出来，重音帮助对话的双方来
判断对话进行的方向。 
 
那么在你参加这项研究之前，当你的老师在用中文讲课的时候，你有没有注意过这
些重音的使用呢？在你参加这项研究之前，当你在用中文做演讲或者上课的时候，
你又会不会使用这些重音呢？在你参加这项研究之前，你有没有意识到你的听众通
过重音来帮助他们判断你接下来要讨论的话题？在参加这项研究之前，你有没有注
意过中文和英文的语音语调有相同的作用？		
Practice 
Now let’s practice the use of sentence stress. Please finish task 3 and 4 in your handout. 
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Handout 
 
Task 1: Imagine you are taking a university course in your major field. In addition 
to the course professor there is also a teaching assistant. In addition to several small 
quizzes there are also some larger exams. You haven’t received your grade yet, so 
you ask the teaching assistant, “Have the exams been graded yet?” Listen to these 
responses. In your own words, tell us what the responses mean or write down the 
meanings below. 
 
1. _____________________________________________________________________ 
 
2. _____________________________________________________________________  
 
3. _____________________________________________________________________ 
 
4. _____________________________________________________________________ 
 
下面听中文的这几个句子，根据给出的语境，说或写出这几个句子的含义。 
 
1. _____________________________________________________________________ 
 
2. _____________________________________________________________________ 
 
3. _____________________________________________________________________ 
 
4. _____________________________________________________________________ 
 
Task 2: Imagine that you are taking a class and the professor has been talking about 
social media. This is the beginning of a class. Listen to 4 sentences. Indicate the 
naturalness of these 4 sentences (1 means very unnatural and 5 means very natural). 
For the sentence(s) that you find unnatural, please indicate the reason(s). You may 
listen to each sentence twice. 
 
1.  
Very unnatural     1    2    3    4    5    Very natural 
 
Unnatural 
Reason(s)________________________________________________________ 
 
2.  
Very unnatural     1    2    3    4    5    Very natural 
 
Unnatural 
Reason(s)________________________________________________________ 
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3.  
Very unnatural     1    2    3    4    5    Very natural 
 
Unnatural 
Reason(s)________________________________________________________ 
 
4.  
Very unnatural     1    2    3    4    5    Very natural 
 
Unnatural 
Reason(s)________________________________________________________ 
 
下面听中文的这几个句子，判断这几个句子是否自然 （1 为非常不自然，5 为非常
自然）。对于那些你感觉不自然的句子，请写出你觉得它（们）不自然的原因。 
 
1.  
非常不自然    1    2    3    4    5    非常自然 
 
不自然原因
________________________________________________________________ 
 
2.  
非常不自然    1    2    3    4    5    非常自然 
 
不自然原因
________________________________________________________________ 
 
3.  
非常不自然    1    2    3    4    5    非常自然 
 
不自然原因
________________________________________________________________ 
 
 
4.  
非常不自然    1    2    3    4    5    非常自然 
 
不自然原因
________________________________________________________________ 
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Task 3. Read the following sentences out loud and stress the appropriate words to 
express different meanings or implications in the parentheses. 
 
4. The man likes to ride his bicycle in the park (the man, not the woman). 
5. The man likes to ride his bicycle in the park (his bicycle, not a motorcycle). 
6. The man likes to ride his bicycle in the park (in the park, not on the street). 
 
请用中文读出以下句子并用不同的重音表达括号中的含义 
 
1. 那个男的喜欢在公园里骑自行车（那个男的，不是那个女的）。 
2. 那个男的喜欢在公园里骑自行车（骑自行车，不是摩托车）。 
3. 那个男的喜欢在公园里骑自行车（在公园里，不是在马路上）。 
 
Task 4. Read the following sentences out loud and stress the appropriate words to 
make the sentences sound natural. 
 
3. In our previous classes, we have been talking about Chinese history. Now we’ll 
discuss American history. 
4. In our previous classes, we have been talking about Chinese history. Now we’ll 
discuss Chinese culture. 	
请用中文读出以下句子。注意根据上下文使用不同的重音。 
 
1. 在上一节课上，咱们讨论了中国的历史。下面呢咱们来讨论一下美国的历史。 
2. 在上一节课上，咱们讨论了中国的历史。下面呢咱们来讨论一下中国的文化。 		
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Appendix F. Interview Questions for the Control Group  
(Adapted from Celca-Murcia, Briton, & Goodwin, 2010) 
 
1. Please describe any situations in which you feel that American have misunderstood 
you because of your pronunciation. 
 
2. Have you ever asked an American for help with pronunciation? If yes, please explain 
if or how this has helped you. 
 
3. Is there a particular situation that makes you anxious about your pronunciation (e.g., 
on the phone, at the bank, in office hours with a professor, etc.)? 
 
4. In what situation do you feel the most comfortable speaking English? 
 
5. What are your biggest pronunciation difficulties in English? 
 
6. What area of pronunciation would you like to work on most? 
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Appendix G. Post-Intervention Interview Questions  
 
IT — questions for the IT group 
MONO — questions for the mono - MAT group 
CROSS — questions for the cross - MAT group 
CONTROL - questions for the control group 
ALL — questions for all groups 
 
1. Have any of your previous English teachers taught you about pronunciation? If 
they have, can you give some details? (ALL)  
 
2. Have you received any pronunciation instruction that is similar to what we did 
today? (IT, MONO, CROSS)  
 
3. Do you think this pronunciation instruction that you just received will help you to 
improve your pronunciation? Why or why not? (IT, MONO, CROSS)  
 
4. Do you think answering these questions will help you to improve your 
pronunciation? Why or why not? (CONTROL)  
 
5. Do you think you will use what you have just learned today in your daily 
communication in the future? If yes, what is your biggest motivation to use it? If 
not, why you don’t want to use it? (IT, MONO, CROSS)  
 
6. Is there anything else that you would like to comment on or talk about? (ALL) 
 
7. Have you used what you have learned last time in your daily communication? If 
yes, was it useful? If not, why didn’t you use it? (Visit 2, IT, MONO, CROSS)  
 
 
  
165 
Appendix H. Rater Training Materials 
 
Stress is relative, words in a sentence are stressed relative to other words that do not 
receive stress. That means that the stressed words are usually longer, louder, and higher 
in pitch. Now listen to the following sentences: 
 
1. The professor didn’t grade your exam. 
2. The professor didn’t grade your exam. 
3. The professor didn’t grade your exam. 
4. The professor didn’t grade your exam. 
  
The word “professor” in the second sentence, “your” in the third sentence, and “exam” in 
the fourth sentence are longer, louder and higher in pitch. These words are stressed words.  
 
Sentence stress is very important because changing the sentence stress alone can change 
the meaning or implication of a sentence. For instance, suppose you are taking a 
university course in your major field. In addition to the course professor there is also a 
teaching assistant. In addition to several small quizzes there are also some larger exams. 
You haven’t received your grade yet, so you ask the teaching assistant, “have the exams 
been graded yet?” If the TA says, "The professor didn’t grade your exam”, with no extra 
sentence stress, the TA means, “no, the exams haven’t been graded”. If the TA says, “The 
professor didn’t grade your exam”, the TA means, “yes, the exams have been graded but 
not by the professor”. If the TA says, “The professor didn’t grade your exam”, the TA 
means, “some exams have been graded, but not yours.” If the TA says, “The professor 
didn’t grade your exam”, the TA means, “some of your other assessments have been 
graded, but not the exam”. 
 
Now listen to the following sentences, can you tell me which word (if any) in these 
sentences is stressed? 
 
1. Tom likes riding his bicycle in the park. 
2. Tom likes riding his bicycle in the park.  
3. Tom likes riding his bicycle in the park.  
4. Tom likes riding his bicycle in the park.  
 
Researchers also found that the placement of sentence stress affects the understandability 
of the speech. Now listen to the following sentences: 
 
1. The úrban environment is more individualistic than the rúral environment. 
2. The urban environment is more individualistic than the rural envíronment. 
3. The urban environment is more individualistic than the rural environment. 
 
In the first sentence, the words "urban" and "rural" are stressed, the sentence sounded 
natural and is easy for the listeners to understand. In the second sentence, the word 
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"environment" is stressed, the sentence sounded less natural and listeners may find it 
difficult to understand. In the third sentence, the sentence stress is completely missing 
and the listeners will also find it hard to follow and understand the speaker. 
 
Now listen to the following sentences, can you tell me in which sentence, the sentence 
stress is correctly placed; in which sentence, the sentence stress is misplaced and in 
which sentence, the sentence stress is completely missing? 
 
1. Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals. 
2. Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals.  
3. Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals.  
 
Another thing we need to pay attention to is that sentence stress is different from word 
stress. For instance, if a speaker says INdividualism instead of indiVIdualism, the 
participant places the stress on the wrong syllable. In this case, we say the word stress is 
wrong. A speaker, however, may use the right sentence stress but wrong word stress. For 
instance, a speaker may say, INdividualism concerns the placing of personal goals ahead 
of group goals. And Collectivism concerns placing group goals ahead of personal goals. 
In this case, she stresses the right words in the sentence, “group goals” and “personal 
goals”. However, the word stress on “Individualism” is misplaced. 
 
Because sentence stress is very important, we want the English learners to be able to use 
it effectively. This study investigates the efficacy of a few teaching methods intended to 
improve the sentence stress production of the participants. Subjects are asked to perform 
2 tasks and you will be asked to rate those 2 tasks. In the first task, subjects read out loud 
a lecture script. In the second task, subjects tell a story based on 8 pictures. Now let's take 
a look at each of these two tasks. 
 
Read aloud lecture script 
 
    I will start by defining the topic for today, which is individualism and collectivism. 
Individualism concerns the placing of personal goals ahead of group goals. And 
collectivism concerns placing group goals ahead of personal goals. So let’s suppose you 
have a conflict at work about break time. Let’s say your co-workers want longer breaks, 
but you want shorter breaks. If you’re a collectivist, you’ll give in to the group. But if 
you’re an individualist, you’ll go against the group. 
     
   Please read through the lecture script first, mark up any words that you will stress when 
giving the lecture, and then naturally deliver the lecture. 
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Suitcase swap picture prompt 
 
 
 
Now take a look at the pictures and try to tell the story to yourself. Please write down the 
words that you will stress when telling the story. When you are ready, please tell the story 
to me. 
 
You need to listen to the participants' speech and rate some speech features based on 
some questions. Now let’s take a look at the questions first. You will only hear second 
language learners giving the lecture and telling the story. What we would like you to do 
is make four judgments about each sample.  
 
First, we will ask you to say how easy or difficult the sample is to understand, using a 9-
point scale. You might be able to understand everything but it may require a lot of effort 
on your part—so what we are interested in is the effort you put in. Can you understand it 
without even thinking about it, or do you have to work at it?   
 
We are also interested in accent. We all have accents, but what we are interested in 
knowing is how different the speakers’ accents are from a general American English 
accent. Accent is different from comprehensibility—you might be able to understand 
somebody easily and still hear a heavy accent. Again, the scale is 1–9: 1 = no accent and 
9 = extremely heavy accent.  
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Another area that we are interested in is sentence stress. Now you should be familiar with 
sentence stress and why it is so important. We would like to know two features of 
sentence stress. First, we would like to know how perceivable the speaker’s sentence 
stress is. Again, we are going to use the 9-point scale. 1 means that there is no 
perceivable sentence stress and 9 means that there is clearly perceivable sentence stress. 
 
However, even though a speaker’s sentence stress is clearly perceivable, his or her use of 
sentence stress may be different from a native general American English speaker’s use of 
sentence stress. For instance, in the same sentence, a native English speaker may stress 
one word while the second language learner may stress another word. It is also possible 
that a native English speaker may stress one word while the second language learner’s 
stress is missing in the sentence. Using a 1-9 scale, we want you to help us to determine 
how different the speaker’s use of sentence stress is from a native general American 
English speaker’s use of sentence stress. 1 means that the speaker’s use of sentence stress 
is totally different from a native general American English speaker’s use of sentence 
stress and 9 means that the speaker’s use of sentence stress is totally the same as a native 
general American English speaker’s use of sentence stress 
 
We would like you to try to use the whole scale over the course of the experiment. Please 
listen to the whole sample before making your decisions. Now, let's listen to some of the 
participants' speech and try to rate their speech together.
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Appendix I.  Rating Sheet 
 
1. How perceivable is the speaker’s sentence stress? 
 
1 2 3 4 5 6 7 8 9 
 
No 
perceivable 
sentence 
stress 
       Clearly 
perceivable 
sentence 
stress 
 
 
 
2. How different the speaker’s use of sentence stress is from a native general American 
English speaker’s use of sentence stress? 
 
1 2 3 4 5 6 7 8 9 
 
Totally 
different 
       Totally the 
same 
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Appendix J. R Scripts 
R Script for Rater Data Analysis 
#install.packages(c("lme4", "lmerTest", "ggplot2", "plyr”, “lsmeans”)) 
library(lme4) 
library(lmerTest) 
library(ggplot2) 
library(plyr) 
library(lsmeans) 
 
#Step 1: Reading data from file 
mydata <- read.csv (file.choose()) 
attach(mydata) 
 
#check to see variable types 
str(mydata) 
 
#set rater, group, and tests to factor 
mydata$rater <- as.factor(mydata$rater) 
mydata$group <- as.factor(mydata$group) 
mydata$tests <- as.factor(mydata$tests) 
 
#add a new variable that captures time to this dataset 
time <- {tests==2}*0.02 + {tests==3}*14 
mydata <- cbind(mydata,time) 
 
#recheck variable types 
str(mydata) 
 
#check for normality 
qqnorm(mydata$score) 
 
 
#Step 2: Ploting the data 
 
#make a plot of the average trajectories for each group with tests as equal time. 
plot <- ggplot(mydata, aes(tests, score, color = group)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Score\n") 
plot 
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plot + scale_x_continuous(breaks=c(1, 2, 3), 
                          labels = c("pre","post","delay")) 
 
 
#make a plot of the average trajectories for each group with time as unequal 
plot2 <- ggplot(mydata, aes(time, score, color = group)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nDays from Pretest") +  
  ylab("Score\n") 
plot2 
 
 
#plot linear average trajectories against individual trajectories 
plot3 <- ggplot(mydata, aes(tests, score, color = group)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = id), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~group) + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Score\n") 
plot3 
 
plot3 + scale_x_continuous(breaks=c(1, 2, 3), 
                           labels = c("pre","post","delay")) 
 
 
#plot linear average trajectories against individual trajectories with unequal time 
 
plot4 <- ggplot(mydata, aes(time, score, color = group)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = id), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~group) + 
  theme_bw() +  
  xlab("\nDays from pretest") +  
  ylab("Score\n") 
plot4 
 
 
#Step 3: Analyzing the data 
 
#create subsets of the pretest, posttest, and delayed posttest and check to see if the scores 
are different. 
group0data<-subset (mydata, tests == "1") 
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fm0<-lmer(score ~ group+(1|id)+(1|rater), data = group0data, REML = F) 
summary (fm0) 
 
lsmeans(fm0, list(pairwise ~ group), adjust = "tukey") 
 
 
group00data<-subset (mydata, tests == "2") 
 
fm00<-lmer(score ~ group+(1|id)+(1|rater), data = group00data, REML = F) 
summary (fm00) 
 
lsmeans(fm00, list(pairwise ~ group), adjust = "tukey") 
 
 
group000data<-subset (mydata, tests == "3") 
 
fm000<-lmer(score ~ group+(1|id)+(1|rater), data = group000data, REML = F) 
summary (fm000) 
 
lsmeans(fm000, list(pairwise ~ group), adjust = "tukey") 
 
 
#create a subset for each group 
group1data<-subset (mydata, group == "1") 
group2data<-subset (mydata, group == "2") 
group3data<-subset (mydata, group == "3") 
group4data<-subset (mydata, group == "4") 
 
#run and summarize model for each group with "tests" as the fix effect, "id", and "rater" 
as the random effect 
fm1<-lmer(score ~ tests+(1|id)+(1|rater), data = group1data, REML = F) 
summary (fm1) 
 
lsmeans(fm1, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm2<-lmer(score ~ tests+(1|id)+(1|rater), data = group2data, REML = F) 
summary (fm2) 
 
lsmeans(fm2, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm3<-lmer(score ~ tests+(1|id)+(1|rater), data = group3data, REML = F) 
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summary (fm3) 
 
lsmeans(fm3, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm4<-lmer(score ~ tests+(1|id)+(1|rater), data = group4data, REML = F) 
summary (fm4) 
 
lsmeans(fm4, list(pairwise ~ tests), adjust = "tukey") 
 
 
#analysis across time 
fm1time<-lmer(score ~ time+(1|id)+(1|rater), data = group1data, REML = F) 
summary (fm1time) 
 
fm2time<-lmer(score ~ time+(1|id)+(1|rater), data = group2data, REML = F) 
summary (fm2time) 
 
fm3time<-lmer(score ~ time+(1|id)+(1|rater), data = group3data, REML = F) 
summary (fm3time) 
 
fm4time<-lmer(score ~ time+(1|id)+(1|rater), data = group4data, REML = F) 
summary (fm4time) 
 
 
#check to see if there is any interaction between group and tests 
fmnew1<-lmer(score ~ group*tests+(1|id)+(1|rater), data = mydata, REML = F) 
summary(fmnew1) 
 
fmnew2<-lmer(score ~ group+tests+(1|id)+(1|rater), data = mydata, REML = F) 
summary(fmnew2) 
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R Script for Speech Analysis 
#install.packages(c("lme4", "lmerTest", "ggplot2", "plyr”, “lsmeans”)) 
library(lme4) 
library(lmerTest) 
library(ggplot2) 
library(plyr) 
library(lsmeans) 
 
#Step 1: Reading data from file 
mydata <- read.csv (file.choose()) 
attach(mydata) 
 
#check to see variable types 
str(mydata) 
 
#set groups, subjects, and tests to factor 
mydata$groups <- as.factor(mydata$groups) 
mydata$subjects <- as.factor(mydata$subjects) 
mydata$tests <- as.factor(mydata$tests) 
 
#add a new variable that captures time to this dataset 
time <- {tests==2}*0.02 + {tests==3}*14 
mydata <- cbind(mydata,time) 
 
#recheck variable types 
str(mydata) 
 
#check for normality 
qqnorm(mydata$PitchMean) 
qqnorm (mydata$PitchRange) 
qqnorm(mydata$Duration) 
qqnorm(mydata$Intensity) 
 
#Step 2: Ploting the data 
 
#make a plot of the average trajectories for each group 
plotmean <- ggplot(mydata, aes(tests, PitchMean, color = groups)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("PitchMean\n") 
plotmean 
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plotmean + scale_x_continuous(breaks=c(1, 2, 3), 
                               labels = c("pre","post","delay")) 
 
plotrange <- ggplot(mydata, aes(tests, PitchRange, color = groups)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("PitchRange\n") 
plotrange 
 
plotrange + scale_x_continuous(breaks=c(1, 2, 3), 
                                labels = c("pre","post","delay")) 
 
 
plotduration <- ggplot(mydata, aes(tests, duration, color = groups)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Duration\n") 
plotduration 
 
plotduration + scale_x_continuous(breaks=c(1, 2, 3), 
                           labels = c("pre","post","delay")) 
 
 
plotintensity <- ggplot(mydata, aes(tests, intensity, color = groups)) + 
  stat_summary(fun.y = mean, geom = "line") + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Intensity\n") 
plotintensity 
 
plotintensity + scale_x_continuous(breaks=c(1, 2, 3), 
                           labels = c("pre","post","delay")) 
 
 
#plot linear average trajectories against individual trajectories 
plot1lme <- ggplot(mydata, aes(tests, PitchRange, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("PitchRange\n") 
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plot1lme 
 
plot1lme + scale_x_continuous(breaks=c(1, 2, 3), 
                              labels = c("pre","post","delay")) 
 
 
plot1lmetime <- ggplot(mydata, aes(time, PitchRange, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nDays from pretest") +  
  ylab("PitchRange\n") 
plot1lmetime 
 
plot2lme <- ggplot(mydata, aes(tests, PitchMean, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("PitchMean\n") 
plot2lme 
 
plot2lme + scale_x_continuous(breaks=c(1, 2, 3), 
                              labels = c("pre","post","delay")) 
 
plot2lmetime <- ggplot(mydata, aes(time, PitchMean, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nDays from pretest") +  
  ylab("PitchMean\n") 
plot2lmetime 
 
 
plot3lme <- ggplot(mydata, aes(tests, duration, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Duration\n") 
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plot3lme 
 
plot3lme + scale_x_continuous(breaks=c(1, 2, 3), 
                              labels = c("pre","post","delay")) 
 
 
plot4lme <- ggplot(mydata, aes(time, duration, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nDays from pretest") +  
  ylab("Duration\n") 
plot4lme 
 
 
plot5lme <- ggplot(mydata, aes(tests, intensity, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nTests") +  
  ylab("Intensity\n") 
plot5lme 
 
plot5lme + scale_x_continuous(breaks=c(1, 2, 3), 
                              labels = c("pre","post","delay")) 
 
 
plot6lme <- ggplot(mydata, aes(time, intensity, color = groups)) + 
  stat_smooth(method = 'lm', se = F, size = 2) + 
  stat_summary(aes(group = subjects), fun.y = mean, geom = "line", alpha = 0.3) + 
  facet_wrap(~groups) + 
  theme_bw() +  
  xlab("\nDays from pretest") +  
  ylab("Intensity\n") 
plot6lme 
 
#Step 3: Analyze the data 
 
#create a subset of test 1 and see if there is statistically significant difference  
#between the initial pitch, duration, and intensity across groups in test 1 
group0data<-subset(mydata, tests == "1") 
 
  
178 
fm0PitchMean<-lmer(PitchMean ~ groups + (1|subjects)+(1|words), data = group0data, 
REML = F) 
summary (fm0PitchMean) 
 
lsmeans(fm0PitchMean, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm0PitchRange<-lmer(PitchRange ~ groups + (1|subjects)+(1|words), data = group0data, 
REML = F) 
summary (fm0PitchRange) 
 
lsmeans(fm0PitchRange, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm0duration<-lmer(duration ~ groups + (1|subjects)+(1|words), data = group0data, 
REML = F) 
summary (fm0duration) 
 
lsmeans(fm0duration, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm0intensity<-lmer(intensity ~ groups + (1|subjects)+(1|words), data = group0data, 
REML = F) 
summary (fm0intensity) 
 
lsmeans(fm0intensity, list(pairwise ~ groups), adjust = "tukey") 
 
 
#Test for Posttest 
group00data<-subset(mydata, tests == "2") 
 
fm00PitchMean<-lmer(PitchMean ~ groups + (1|subjects)+(1|words), data = group00data, 
REML = F) 
summary (fm00PitchMean) 
 
lsmeans(fm00PitchMean, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm00PitchRange<-lmer(PitchRange ~ groups + (1|subjects)+(1|words), data = 
group00data, REML = F) 
summary (fm00PitchRange) 
 
lsmeans(fm00PitchRange, list(pairwise ~ groups), adjust = "tukey") 
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fm00duration<-lmer(duration ~ groups + (1|subjects)+(1|words), data = group00data, 
REML = F) 
summary (fm00duration) 
 
lsmeans(fm00duration, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm00intensity<-lmer(intensity ~ groups + (1|subjects)+(1|words), data = group00data, 
REML = F) 
summary (fm00intensity) 
 
lsmeans(fm00intensity, list(pairwise ~ groups), adjust = "tukey") 
 
#Test for delayed posttest 
group000data<-subset(mydata, tests == "3") 
 
fm000PitchMean<-lmer(PitchMean ~ groups + (1|subjects)+(1|words), data = 
group000data, REML = F) 
summary (fm000PitchMean) 
 
lsmeans(fm000PitchMean, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm000PitchRange<-lmer(PitchRange ~ groups + (1|subjects)+(1|words), data = 
group000data, REML = F) 
summary (fm000PitchRange) 
 
lsmeans(fm000PitchRange, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm000duration<-lmer(duration ~ groups + (1|subjects)+(1|words), data = group000data, 
REML = F) 
summary (fm000duration) 
 
lsmeans(fm000duration, list(pairwise ~ groups), adjust = "tukey") 
 
 
fm000intensity<-lmer(intensity ~ groups + (1|subjects)+(1|words), data = group000data, 
REML = F) 
summary (fm000intensity) 
 
lsmeans(fm000intensity, list(pairwise ~ groups), adjust = "tukey") 
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#create a subset for each group 
group1data<-subset (mydata, groups == "1") 
group2data<-subset (mydata, groups == "2") 
group3data<-subset (mydata, groups == "3") 
group4data<-subset (mydata, groups == "4") 
 
#run and summarize model for each group with "tests" as the fix effect, "subjects" and 
"words" as the random effect 
#analysis of pitch range 
 
fm1pitch<-lmer(PitchRange ~ tests+(1|subjects)+(1|words), data = group1data, REML = 
F) 
summary (fm1pitch) 
 
lsmeans(fm1pitch, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm2pitch<-lmer(PitchRange ~ tests+(1|subjects)+(1|words), data = group2data, REML = 
F) 
summary (fm2pitch) 
 
lsmeans(fm2pitch, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm3pitch<-lmer(PitchRange ~ tests+(1|subjects)+(1|words), data = group3data, REML = 
F) 
summary (fm3pitch) 
 
lsmeans(fm3pitch, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm4pitch<-lmer(PitchRange ~ tests+(1|subjects)+(1|words), data = group4data, REML = 
F) 
summary (fm4pitch) 
 
lsmeans(fm4pitch, list(pairwise ~ tests), adjust = "tukey") 
 
 
#check to see if there is any interaction between group and tests 
fmnew1<-lmer(pitch ~ groups*tests+(1|subjects)+(1|words), data = mydata, REML = F) 
summary(fmnew1) 
 
fmnew2<-lmer(pitch ~ groups+tests+(1|subjects)+(1|words), data = mydata, REML = F) 
summary(fmnew2) 
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#analysis of pitchmean 
fm1pitchmean<-lmer(PitchMean ~ tests+(1|subjects)+(1|words), data = group1data, 
REML = F) 
summary (fm1pitchmean) 
 
lsmeans(fm1pitchmean, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm2pitchmean<-lmer(PitchMean ~ tests+(1|subjects)+(1|words), data = group2data, 
REML = F) 
summary (fm2pitchmean) 
 
lsmeans(fm2pitchmean, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm3pitchmean<-lmer(PitchMean ~ tests+(1|subjects)+(1|words), data = group3data, 
REML = F) 
summary (fm3pitchmean) 
 
lsmeans(fm3pitchmean, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm4pitchmean<-lmer(PitchMean ~ tests+(1|subjects)+(1|words), data = group4data, 
REML = F) 
summary (fm4pitchmean) 
 
lsmeans(fm4pitchmean, list(pairwise ~ tests), adjust = "tukey") 
 
 
#analysis of duration 
fm1duration<-lmer(duration ~ tests+(1|subjects)+(1|words), data = group1data, REML = 
F) 
summary (fm1duration) 
 
lsmeans(fm1duration, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm2duration<-lmer(duration ~ tests+(1|subjects)+(1|words), data = group2data, REML = 
F) 
summary (fm2duration) 
 
lsmeans(fm2duration, list(pairwise ~ tests), adjust = "tukey") 
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fm3duration<-lmer(duration ~ tests+(1|subjects)+(1|words), data = group3data, REML = 
F) 
summary (fm3duration) 
 
lsmeans(fm3duration, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm4duration<-lmer(duration ~ tests+(1|subjects)+(1|words), data = group4data, REML = 
F) 
summary (fm4duration) 
 
lsmeans(fm4duration, list(pairwise ~ tests), adjust = "tukey") 
 
 
fmnew3<-lmer(duration ~ groups*tests+(1|subjects)+(1|words), data = mydata, REML = 
F) 
summary(fmnew3) 
 
fmnew4<-lmer(duration ~ groups+tests+(1|subjects)+(1|words), data = mydata, REML = 
F) 
summary(fmnew4) 
 
#analysis of intensity 
fm1intensity<-lmer(intensity ~ tests+(1|subjects)+(1|words), data = group1data, REML = 
F) 
summary (fm1intensity) 
 
lsmeans(fm1intensity, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm2intensity<-lmer(intensity ~ tests+(1|subjects)+(1|words), data = group2data, REML = 
F) 
summary (fm2intensity) 
 
lsmeans(fm2intensity, list(pairwise ~ tests), adjust = "tukey") 
 
 
fm3intensity<-lmer(intensity ~ tests+(1|subjects)+(1|words), data = group3data, REML = 
F) 
summary (fm3intensity) 
 
lsmeans(fm3intensity, list(pairwise ~ tests), adjust = "tukey") 
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fm4intensity<-lmer(intensity ~ tests+(1|subjects)+(1|words), data = group4data, REML = 
F) 
summary (fm4intensity) 
 
lsmeans(fm4intensity, list(pairwise ~ tests), adjust = "tukey") 
 
 
fmnew5<-lmer(intensity ~ groups*tests+(1|subjects)+(1|words), data = mydata, REML = 
F) 
summary(fmnew5) 
 
fmnew6<-lmer(intensity ~ groups+tests+(1|subjects)+(1|words), data = mydata, REML = 
F) 
summary(fmnew6) 
 
 
#run and summarize model for each group with "time" as the fix effect, "subjects" and 
"words" as the random effect 
 
#analysis of pitch range 
fm1pitchtime<-lmer(PitchRange ~ time+(1|subjects)+(1|words), data = group1data, 
REML = F) 
summary (fm1pitchtime) 
 
fm2pitchtime<-lmer(PitchRange ~ time+(1|subjects)+(1|words), data = group2data, 
REML = F) 
summary (fm2pitchtime) 
 
fm3pitchtime<-lmer(PitchRange ~ time+(1|subjects)+(1|words), data = group3data, 
REML = F) 
summary (fm3pitchtime) 
 
fm4pitchtime<-lmer(PitchRange ~ time+(1|subjects)+(1|words), data = group4data, 
REML = F) 
summary (fm4pitchtime) 
 
#analysis of pitch mean 
fm1pitchmeantime<-lmer(PitchMean ~ time+(1|subjects)+(1|words), data = group1data, 
REML = F) 
summary (fm1pitchmeantime) 
 
fm2pitchmeantime<-lmer(PitchMean ~ time+(1|subjects)+(1|words), data = group2data, 
REML = F) 
summary (fm2pitchmeantime) 
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fm3pitchmeantime<-lmer(PitchMean ~ time+(1|subjects)+(1|words), data = group3data, 
REML = F) 
summary (fm3pitchmeantime) 
 
fm4pitchmeantime<-lmer(PitchMean ~ time+(1|subjects)+(1|words), data = group4data, 
REML = F) 
summary (fm4pitchmeantime) 
 
#analysis of duration 
fm1durationtime<-lmer(duration ~ time+(1|subjects)+(1|words), data = group1data, 
REML = F) 
summary (fm1durationtime) 
 
fm2durationtime<-lmer(duration ~ time+(1|subjects)+(1|words), data = group2data, 
REML = F) 
summary (fm2durationtime) 
 
fm3durationtime<-lmer(duration ~ time+(1|subjects)+(1|words), data = group3data, 
REML = F) 
summary (fm3durationtime) 
 
fm4durationtime<-lmer(duration ~ time+(1|subjects)+(1|words), data = group4data, 
REML = F) 
summary (fm4durationtime) 
 
 
#analysis of intensity 
fm1intensitytime<-lmer(intensity ~ time+(1|subjects)+(1|words), data = group1data, 
REML = F) 
summary (fm1intensitytime) 
 
fm2intensitytime<-lmer(intensity ~ time+(1|subjects)+(1|words), data = group2data, 
REML = F) 
summary (fm2intensitytime) 
 
fm3intensitytime<-lmer(intensity ~ time+(1|subjects)+(1|words), data = group3data, 
REML = F) 
summary (fm3intensitytime) 
 
fm4intensitytime<-lmer(intensity ~ time+(1|subjects)+(1|words), data = group4data, 
REML = F) 
summary (fm4intensitytime) 
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